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PREFACE. 



The object of the following work is to give Data, Eules, 
and Tables to facilitate the practical application of the 
Laws of Heat to the Useful Arts. 

The subject has throughout been largely illustrated by 
Examples worked out in detail, and this has led to calcu- 
lations more or less complicated ; but the author's special 
desire to make the "principles" of the subject clear to the 
reader could not be so well attained by any other means. 

The authorities from whom the Experimental Data, &c., 
are derived, are for the most part given as they occur ; 
but Peclet's great work, * Traite de la Chaleur,' should be 
more particularly mentioned. 



Bath, Augtist, 1868. 
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CHAPTEE L 



OENEBAL PBINGIPLES AND FACTS. 



(1.) " Unit of Heat" — It is necessary to have a standard for 
measnring the amount of heat absorbed or evolyed during any 
operation : in this country the standard unit is the amount of 
heat necessary to raise the temperature of a pound of water 
1° Fahr. This amount is not quite uniform at all temperatures, 
as is shown by the experiments of Eegnault : thus fix>m 32^ to 
212° we have, by a uniform rate, 212 — 32 = 180 units, but 
Begnault gives 180 * 9 units ; and from 32° to 446, instead of 
446 — 32 = 414 units, Eegnault gives 422*4 units; but for 
practical purposes we may in most cases assume it to be 
uniform. 

(2.) " Specific Heat.'* — ^Different bodies require very different 
quantities of heat to effect in them the same change of tempera- 
ture. The capacity of a body for heat is termed its " Specific Heat," 
and may be defined as the number of units of heat necessary to 
raise the temperature of 1 lb. of that body 1° Fahr. Table 1 
gives its value for most of the solid, liquid, and gaseous bodies 
commonly met with in practice. The specific heat of all bodies 
(except gases) appears to increase with the temperature, as we 
nave seen to be £be case with water. This is shown by Table 2, 
from the experiments of Dulong and Pouillet, but at ordinary 
temperatures the departure from uniformity is not great, and in 
most cases we may admit a uniform rate, having the value given 
by Table 1. Thus, to heat 200 lbs. of cast iron 120°, would 
require 200 x 120 X '12983 = 3116 units of heat ; the same 
weight of water requiring 200 x 120 = 24000 units, or nearly 
eight times the heat required for cast iron. The specific heat 
of air is a more intricate matter. 

(3.) " Specific Heat of Air" Sfc, — ^When air, &c., is heated in 
a (dosed vessel, the capacity or volume remaining const&wl^ \!si^ 

-a 



SPEOnriO HBAT. 



Tablb 1. — Of the Specific Heat of Solid, Liquid, and Gaseous 
Bodies, being the number of Units of heat necessary to heat One 
Pound of the Body 1° Fahrenheit. 



Iron (wrought) 

Ditto (cast) 

Copper 

Tin (English) 

Zinc 

Brass 

Lead 

Mercury 

Gold .. .. 

Silver ., ■,. ! 

Platina .. .. 

Bismuth .. .. 

Glass .. 

Marble 'white) 

Chalk rwhite) 

Burnt Clay (white) 

Coal 

Sulphur 

Spermaceti 

Wood (pine) 

Ditto (birch) 

Bees-wax ' 

Ice .. 

vv a ler •• >• «• «• •• 

Olive Oil 

Alcohol (s. g. -793) 

Oil of Turpentine 

Gases under constant Pressure of 
30 in. Mercor} . 

Oxygen Gras 

Hydrogen Gas 

Nitrogen Gas 

Carbonic Acid Gas 
Sulphuretted Hydrogen 

Vapour of Water 

Air 



Specific Heat 



Authority. 



•11379 
•12983 
•09515 
•05695 
•09555 
•09391 
•03140 
•03332 
•03244 
•05701 
•03243 
•03084 
• 19768 
•21585 
•21485 
•18500 
•2777 
•20259 
•3200 
•650 
•480 
•450 
•504 
1-0000 
•3096 
•622 
•472 



•2182 
3^4046 
•2440 
•2164 
•2423 
•4750 
•2380 



Begnault. 



Gadolin. 

Crawford. 

Begnault. 

Irvine. 

Mayer. 

* * 
Gradolin. 
Person. 

Lavoisier. 

Dalton. 

Despretz. 



Begnault. 



pressure is increased ; if, on the other hand, the air be suffered 
to expand freely, by increase of temperature, the pressure may 
remain constant. Now the specific heat of air is different under 
these two different conditions. Considering first the specific 
heat under constant pressure, which is the case most generally 
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Table 2. — Of the Yabiation in the Specifio Heat of Bodies at 

different Temperatures. 



• 




Between 
32° and 2 1 20. 


Between 
32° and 392°. 


Between 
32° and 512^. 


Mercury (Dulong) . . 

Silver 

Zinc , , 

Copper ,, .. .. 

Iron ,, 

Platina ,, .... 

Antimony ,, 

Glass , 


•0330 
•0557 
•0927 
•0940 
•1098 
•0335 
•0507 
•1770 


• t 

• • 

•1013 
•1150 

. . 

. . 
. ft 


•0350 
•0611 
•1015 

•1218 
•0355 
•0547 
•1900 




At 212°. 


At 6Y20. 


At 932°. 


At 12920. . 


A.t 18320. 


At 21920. 


Platina (Pouillet) .. 


•03350 


•03434 


•03518 


•03600 ' 


03718 


•03818 



met with : imagine a gas-holder so well-balanced as to exert no 
pressure on the enclosed gas, and let it contain one pound of 
air at 62°, with the barometer at 29 • 92, or say 30 inches of 
mercury ; its capacity (Table 32) would be 13 • 14 cubic feet. 
If heat be applied, so as to raise the temperature 1°, or to 63°, 
the air would be expanded slightly (14), and the gas-holder 
would rise to allow for it. The amount of heat required under 
these circumstances, according to Eegnault's experiments, would 
be '238 units, or the amount which would have raised the 
same weight of water *238 of a degree, and this is equal 

•238 
to TqTTT = * 01817 units per cubic foot. If the gas under con- 
sideration were hydrogen, the capacity of the gas-holder, 
capable of holding one pound, would have been 189*7 cubic 
feet, and to effect a change of 1° in the temperature would 
require, according to Begnault, 3*4046 units of heat, or 

3-4046 
j^r^q^y = • 018 units per cubic foot, practically the same as a 

cubic foot of air. Table 1 gives the speci£o heat of air, gases, 
and vapour, under these conditions. 

(4.) If the pressure were other than 30 inches (but still 
constant), the specific heat would be different, as is shown by 
the experiments of Clement and Desormes in Table 3. Here the 
specific heats are given for equal volumes instead of equal weights, 

B 2 
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Table 8. — Of the Specific Heat of Aib, from the Experiments of 

Clement and Desobhes. 



Total Pressare 

in inches of 

Mercuiy. 



396 

29*84 

14 92 

7-44 

3-74 



Ratio of Specific Heat at the 

different Pressures for 

equal Volumes. 



Experiment. 



1215 

1-000 

•692 

•540 

•368 



Calculations. 



1-152 

1-000 

•706 

•499 

•387 



Error. 



-•063 
•000 
+ •013 
-•041 
+ •019 



and this appears to vary directly as the square root of the 
pressure, as is shown by column 3 which is calculated by the 

rule V I* X • 183 = B, in which P = the pressure in inches o^ 
mercury, and E = the ratio of specific heat of air at that pres- 
sure, the specific heat at 29 ' 84 being 1 • 000. Table 4 has been 



Table 4. — Of the Vabla.tion in the Specifio Heat of Ant, at different 

Densities. 



Total 
Pressure 


Relative 
Density. 


Specific 

Heat of 

equal 

Volumes. 


SpedflcHeat 

with 

Pressure Constant 


Specific Heat with 

Volume Constant and 

Temperature 62°. 


Cubic feet 


above a 

Vacuum in 

inches of 

Mercury. 


Units per 
Pound at 
any Tem- 
perature. 


Units per 

Cubic foot 

at 62°. 


Units per 

Found at 

62°. 


Units per 

Cubic foot 

at 62°. 


in lib. of 

Air at 
62° Fahr. 


120 

60 

30 

15 
75 
3-75 

- (1) 


4 
2 
1 

i 

i 
i 

(2) 


•476 
•336 
•238 
•168 
•119 
•084 

(3) 


•119 
•168 
•238 
•336 
•476 
•672 

(4) 


•03634 
•02690 
•01817 
•01284 
•00908 
•00642 

(6) 


•0837 
•1184 
•1674 
•2367 
•^3348 
■4734 

(6) 


•02556 
•01808 
•01280 
•00903 
•00639 
•00452 

(7) 


3 275 
6-55 

131 

26-2 

524 
104^8 

(8) 



calculated on the same principles, thus the (col. 8) has been 
obtained by multiplying * 238, the specific heat at atmospheric 
pressure, by the square root of the density in col. 2, which again 
is simply proportional to the pressure in col. 1. The col. 4 is ob- 
tained by dividing coL 8 by col. 2, and col. 6 by dividing col. 4 
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by col. 8. The general fonnnla for the specific heat of gases 
with constant pressure, is ^_i — = 8', in which 8 = the 

specific heat at 30 inches of mercnry, as in Table 1 and in col. 1 

of Table 5, P = the total pressure in inches of mercnry, and S' 

= the specific heat under that pressure. For air this becomes 

1-303 

—p~ = S', and col. 2 in Table 6 has been thus calculated. 

Table 5.— Of the Specific Heat of Gases and Vapoub. 





Specific Heat of 


Batioofthe 


^Mdfic Heat of 




1 U). of Gas 


Specific Heat 


lib. of Gas 




under s Constant 


under Constant 


taken with the 




Pressoreof 


Pressore, to the 


Barometer at 




29 '92 inches of 


Specific Heat with 
Constant Volume 


29-92 inches, the 




Mercary 


Volome remain- 




(Begnaalt). 


(Lmlong). 


ing Constant 


Oxygen Gas 


•2182 


1^415 


•1542 


Hydbrogen Gas 


3-4046 


1-407 


2-4200 


Nitrogen Gas 


•2440 


• • 


•1717 


Carbonic Acid Gas 


•2164 


1-338 


-1617 


Carbonic Oxyde Gas .. 
Solphnretted Hydrogen . . 


•2479 


1427 


•1737 


•2423 


• • 


-1825 


Vapour of Water 


•4750 


• • 


-3624 


Atmospheric Air 


•2380 


1-421 


•1674 




(1) 


(2) 


(3) 



(5.) When air and gases are heated in closed vessels, expan- 
sion being prevented, tiie pressure is increased, and the specific 
heat is less than when the pressure is constant and expansion 
permitted. The experiments of Dolong give the ratio of specific 
heat under these two difTeorent conditions for several of the most 
important gases, as per col. 2 in Table 5 ; thus for air the ratio 

is 1-421 to 1, and we have .^-^ = '1674 for the specific heat 

1 • 421 

of air in a closed vessel, and under a pressure of 30 inches of 

mercury. The general rule for the specific heat of gases with 

8 */ QA 

constant volume is— x-7== = S", in which E is the ratio, as 

per col. 2 in Table 5, S'' = the specific heat with constant 

volume, and S and P the same as before. For air the rule 

•917 
becomes - /-=;- = S'' : thus with a pressure of 120 inches of 
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mercury, the specific heat of air in a closed vessel would be 

•917 '917 

•j=^, or jqTqk = '0837, as per coL 6 in Table 4, and col. 3 in 

Table 6. We may deduce the specific heat under constant 
Table 6.— Of the Specific Heat of Ant at different Pressures. 



Total 
Pressure 
in indies 

of 
Mercujy. 


Specific Heat with 


Totol 
Pressure 
in inches 

of 
Mercuiy. 




Specific Heat with 


Pressure 

Constant, and 

Volume Variable 

with Change of 

Temperature. 


Volume Con- 
stant, and Prf«- 

sure Variable 
with Change uf 

Temperature. 


Pressure 

Constant, and 

Volume Variable 

with Change of 

Temperature. 


Volume Con- 
stont, and Pres- 
sure Variable 
with Change of 
Temperature. 


1 
5 
10 
15 
20 
25 


1^303 
•5827 
•4121 
•3360 
•2914 
•2606 


•9170 
•4101 
•2900 
•2367 
•2050 
•1834 


70 

75 

80 

85 

90 

100 

110 

120 

130 

140 

150 

180 

210 

240 

270 

300 




1558 

1504 

1457 

1413 

1374 

1306 

1242 

1190 

1143 

•1101 

•1064 

0971 

0899 

•0841 

•0793 

■0752 


•1096 
•1059 
•1025 
•0995 
•0967 
•0919 
•0874 
•0837 
•0804 
•0775 
•0749 
•0684 
•0633 
•0592 
•0558 
•0529 


30 


•2380 


•1674 


35 
40 
45 
50 
55 
60 
65 


•2203 
•2061 
•1943 
•1843 
•1757 
•1680 
•1616 


•1550 
•1450 
•1367 
•1297 
•1236 
•1184 
•1138 



volume from that under constant pressure by the rule S" = S' 
j= — in which G = the specific gravity of the gas, air being 

1' 0, and S' and S" the same value as before and thus in Table 5 
we have obtained the numbers, in col. (3), for gases, &c., whose 
ratio is not given by the experiments of Dulong. This rule is 
given by Bunsen. 

(6). " Latent Heat of Liquefaction" — When a body passes 
from the solid to the liquid state, it absorbs a large amount of 
heat without changing its own temperature, the heat thus ab- 
sorbed becoming latent, and insensible to the thermometer. 
This is termed the " latent heat of liquefaction," and may be 
defined as the number of units of heat absorbed by one pound of 
the solid, in passing to the liquid state. When the process is 
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reversed, the liqnid congealing, freezing, or passing back again 
to the solid state, the same amonnt of heat is emitted or restored. 
Thus when ice is heated to 32°, it begins to melt, the tempera- 
ture remaining fixed until the last particle of ice is melted ; 
and during this process 142*4 units are absorbed, being the 
amount that would have raised the same weight of water 142° * 4 ; 
but the ice itself, haying, by Table 1, a specific heat of * 504, 



would have had its temperature raised 



142;4 
504 



= 281° if the heat 



had not become latent. The '* latent heat," however, is not 281, 
but 142 '4 unit8. Table 7 gives the latent heat of liquefSEtction, 



Table 7.— Of the Latent Heat of Liquefaction, being the number 
of Units of Heat absorbed by One Pound of different Bodies in 
changing their state from Solid to Liquid. 



Ice to Water 

Sulphur 

Tin .. 

Lead 

Zinc . . 

Bismuth 

Silver 

Cast l!ron, 

Beeswax 

Spermaceti 



Latent Heat 
in Units. 



142-4 
16-8 
25-6 
9-7 
50-6 
22-8 
380 

233-0 
78-7 
46-4 



Increase of 

Temperatore 

IntbieBody 

if Heat bad 

not been 

absorbed 

in melting. 



Anthoiity. 



o 
281 
83 
450 
309 
530 
740 
665 
1574 
175 
145 



Person. 



> > 

> 9 
i * 
f > 

> 9 



9 9 

Clement. 
Jrvine. 



9 9 



the coL 3 being obtained by dividing the latent heat by the 
specific heat. 

(7) " Latent Heat of VapourizationJ^ — ^When a liquid changes 
its state to the gaseous or yapourous state, another large amount 
of heat becomes latent, and this is termed the '* latent heat of 
Tapourization ;" and it may be defined as the number of units 
of heat absorbed by one pound of a liquid in the act of passing 
to the gaseous state. Thus a pound of water at 212^, passing 
to steam at 212% absorbs, according to Eegnault, as much heat 
as would have raised the temperature of the water 966^ if it 
had not become latent. Again, a pound of alcohol absorbs 
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457 units in the act of yaponrization, or the amonnt of heat 

that would have raised a pound of water 457; but alcohol 

having by Table 1 a specific heat of * 622, its own temperature 

467 
would have been raised -^r^— = 735^ if heat had not become 

• 622 

latent. Table 8 gives the latent heat of vapourization for a 

few of the liquids most commonly met with in practice. 

Tablb 8.— Of the Latent Heat of Vapourization, being the number 
of Units of Heat required to convert Liquids from their respective 
Boiling-points to Vapour, under a pressure of 30 in. Mercury. 



Water 

Alcohol 

Ether 

Oil of Turpentine 
Naphtha 





Increase of 






Temperature 




Latent Heat 


of Liquid if 




in Units. 


Heat had not 
become 






Latent 


Begnauli 


966 


966 


457 


735 


Ure. 


313 


473 


t > 


184 


390 


> > 


184 


■ 


> > 



(8) Table 9 shows that the temperature of the boiling-point 
of water, varies with the pressure ; and it has been found by 
experiment, that the amount of heat which becomes latent during 
vapourization, varies with the temperature at which it is effected. 

Table 0. — Of the Boiling Points of Liquids, at Atmospheric 

Pressure. 



Ether, Sulphuric, sp 
Alcohol 
Muriatic Add 
Nitric Acid 
Sulphuric Acid 



) > 



» » 



Oil of Turpentine 
Naphtha 
Sulphur 
Linseed Oil 
Mercury 
Water ,. 



•gr* 


•756 


a .. 




•813 .. 


,, 1 


•047 .. 


,, 1 


•16 


,, 1 


•3 


,, 1 


•85 





Temp. 
Fahr. 



100 
173 
222 
220 
240 
620 
316 
306 
570 
600 
652 
212 



G. Lussac. 

Ure. 
Dalton. 



> 9 



i f 



) f 

Ure. 



1 1 



t > 



Mean of 6. 



LATENT HEAT OF YAPOUBIZATION. 



bnt that the total amount of heat necessary to raise the liquid 
£rom a low temperature and then evaporate it, is constant. Thus 
the heat required to raise a pound of water from 0° to 212° and 
then evaporate it, is 212 + 966 = 1178 units. Table 10 shows 

Table 10.— Of the Temperature of the Boiling-Point of Various 
Liquids under different Pressures, deduced from the Experiments 
of Rbgnault. 



Liquid 

Water .. 

Alcohol 

Ether 

Oil of Turpentine 



Pressare in inchet of Mercury. 



30 



15 



10 



Tempenittre of Eballition. 



o 
212 
173 
100 
316 



o 
180 
146 

62 
471 



o 
162 
127 

55 
248 



o 
134 
101 

17 
210 



See also Tables 12, 22, &c. 

that if the atmospheric pressure were reduced to 15 inches of 
m^cury in the barometer, water would boil at 180^ instead 
of 212'', but the units of heat from 0° would still be 1178 ; and, 
as 180° only were required to raise the water to its new boiling- 
point, the latent heat of yapourization must be 1178 — 180 = 
998 units, instead of 966. Again, at a pressure of 60 lbs. per 
square inch above the atmosphere, Table 11 shows that water 
must be heated to 307° before ebullition commences ; but the 
latent heat of yapourization will be proportionately diminished, 
and will in that case become 1178 — 307 s 871 units, instead of 
966 units. 

For conyenience of calculation in other parts of this work, 
it is assumed in the aboye that water could be reduced to (P 
without passing to the solid state, or to ice, where, as we haye 
seen, its specific heat is altered. This, of course, is fictitious : 
the real amount of heat required to conyert a pound of ice at 0° 
to steam at 212° is 1304* 5 units, as follows : — 

A pound of ice at 0° to ice at 32°, = 32x '504= 16-1 

ice at 32° to water at 32° .. = 142-4 

water at 82° to water at 212° = 180-0 

212° to steam at 212° = 966-0 



units 



99 
9» 



JJ 



JJ 



9) 



Total = 1304-5 



99 



99 



10 



VOLUME OF STEAM. 



Table 11, — Of the Temferatube and Yolume of Steam at different 
Pressures, calculated from the Experiments of Regnault, &c^ 



Pressure 
«bove the 
Atmos- 
phere in 
lbs. per 
square in. 


Temp. 
Fahr. 


Cubic feet 
of Steam 
from one 
Cubic foot 
of Water. 


Pressure 
above the 
Atmos- 
phere in 
lbs. per 
square in. 


Temp. 
Fahr. 


Cubic feet 
of Steam 
from one 
Cubic foot 
of Water. 


Pressure 
above the 
Atmos- 
phere in 
lbs.p<7 
square in. 


Temp. 
Fahr. 


Cubic feet 
of Steam 
ftom on6 
Cubic foot 
of Water. 





o 
212 


1640 


44 


o 
291 


446 


88 


330 


264 


1 


215 


1544 


45 


292 


439 


89 


( ) 


261 


2 


219 


1456 


46 


294 


432 


90 


331 


258 


3 


222 


1378 


47 


295 


426 


91 


332 


256 


4 


224 


1310 


48 


296 


419 


92 


333 


254 


5 


227 


1247 


49 


297 


413 


93 


( ) 


252 


6 


230 


1190 


50 


298 


407 


94 


334 


250 


7 


232 


1138 


51 


299 


401 


95 


♦ » 


248 


8 


235 


1089 


52 


300 


394 


96 


335 


246 


9 


237 


1048 


53 


301 


387 


97 


336 


244 


10 


239 


1008 


54 


302 


384 


98 


) » 


242 


11 


241 


969 


55 


303 


379 


99 


337 


240 


12 


244 


936 


56 


304 


374 


100 


338 


238 


13 


246 


904 


57 


305 


369 


102 


339 


234 


14 


248 


875 


58 


) * 


364 


104 


340 


230 


15 


250 


846 


59 


306 


360 


105 


341 


228 


16 


252 


820 


60 


307 


355 


106 


342 


226 


17 


253 


796 


61 


308 


350 


108 


343 


223 


18 


255 


774 


62 


309 


346 


110 


344 


220 


19 


257 


743 


63 


310 


342 


115 


347 


212 


20 


259 


732 


64 


311 


338 


120 


350 


203 


21 


260 


713 


65 


312 


334 


125 


353 


197 


22 


262 


694 


66 


313 


330 


130 


355 


190 


23 


264 


676 


67 


314 


326 


135 


358 


184 


24 


265 


660 


68 


) » 


322 


140 


361 


179 


25 


267 


644 


69 


315 


319 


145 


363 


174 


26 


268 


630 


70 


316 


315 


150 


366 


169 


27 


270 


615 


71 


317 


312 


160 


370 


159 


28 


271 


602 


72 


318 


309 


170 


375 


151 


29 


272 


589 


73 


t f 


306 


180 


380 


144 


30 


274 


576 


74 


319 


302 


190 


384 


138 


31 


275 


564 


75 


320 


299 


200 


388 


132 


32 


277 


553 


76 


321 


296 


210 


392 


126 


33 


278 


542 


77 


322 


293 


220 


396 


121 


34 


279 


532 


78 


» » 


290 


230 


399 


116 


35 


281 


521 


79 


323 


287 


240 


403 


112 


36 


282 


512 


80 


324 


284 


250 


406 


108 


37 


283 


503 


81 


325 


282 


260 


409 


104 


38 


284 


494 


82 


• » 


279 


270 


413 


101 


39 


285 


485 


83 


326 


276 


280 


416 


98 


40 


286 


476 


84 


327 


273 


290 


419 


95 


41 


288 


468 


85 


328 


271 


300 


422 


91 


42 


289 


460 


86 


) ( 


268 








43 


290 


453 


87 


329 


266 









KLABTIO TOBOE OF VAPOUB. 



Tablb IS.—Of the Ei^stio Fobce of Vapour of Water id inches of 

Mercury, calculated from tho Experiments of JIeonaUI-T. 



Teoip.! Fo 


^1^ 


Temp, Fi. 


mta 


To«p 


forraln 


T^p 


r^ 


Ten,p.JFo[Mlii 


F^C.\ IT 


Otab. 




Aea. 


Fulir. 




Fahr. 




F«l,r.| Inch™. 





on 


T" 


311 


92 


1-501 


138 


6-565 


184 


16-68 


1 


046 


47 1 


S23 


93 


1-548 


139 


5-710 


185 


17-05 


2 


0*8 


48 


.135 


94 


l-59(i 


140 


5-858 


186 


17-42 


8 


050 


49 


348 


95 


l'G46 


141 


6-010 


187 


17-81 


1 


052 


50 


361 


96 


l'e97 


142 


6-105 


1H8 


18-20 


5 


054 


51 


374 


97 


1-751 


143 


6-324 




18-60 


6 


057 


52 


388 


98 


1-806 


144 


6-488 


196 


19-01 


7 


060 




403 


39 


1-m 


145 


6-655 


191 


19-42 


8 


062 


54 


418 


100 


1-918 


146 


6-825 


192 


19-83 


9 


065 


55 


433 


101 


l'97fl 


147 


7-000 


193 


20-26 


10 


068 


56 


449 


102 


2'03fl 


148 


7-177 


194 


20-68 


11 


071 


57 


465 


103 


2'098 


149 


7-360 


195 


21-12 


12 


074 


58 


482 


104 


2' 162 


150 


7-646 


196 


21-57 


13 


078 




500 


105 


2 '227 


151 


7-736 


197 


23-03 


14 


082 


60 


518 


106 


2-293 


152 


7-930 




22-50 


IS 


086 


61 


537 


107 


2-361 


153 


8-128 


199 


22-97 


le 


090 


62 


556 


108 


2-431 


154 


8-330 


200 


23-46 


17 


094 


63 


576 


109 


2-503 


155 


8-536 


201 


23-95 


18 




64 


596 


110 


2-577 


156 


8-746 


202 


24-45 


19 


103 


65 


617 


111 


2-653 


157 


8-960 


203 


24-96 


20 


108 


66 


639 


112 


2 -781 


158 


9-177 


204 


25-47 


21 


113 


67 


661 


113 


2-811 


159 


9-400 


205 


26-00 


22 


118 


68 




114 


2-893 


160 




206 


26-53 


23 


laa 


09 


708 


115 


2-977 


161 


9-861 


207 


27-08 


24 


129 


70 


733 


116 


3-063 


162 


10-099 


208 


27-64 


26 


135 


71 


759 


117 


3-151 


163 


10-342 


209 


28-19 


26 


141 


72 


785 


118 


3-241 


164 


10-590 


210 


28-76 


27 


147 


73 


812 


119 


3-333 


165 


10-843 


211 


29-34 


28 


153 


74 


840 


120 


3-427 


166 


11-101 


212 


29-92 


29 


160 


75 


868 


121 


3-523 


167 


11-36 


213 


30-52 


SO 


107 


76 


897 


122 


3-621 


168 




214 


31- 18 


81 


174 


77 


937 


123 


3-721 


169 


11-90 


216 


31-75 


S2 


181 


78 


958 


124 


3-824 


170 


12-18 


216 


32-38 


33 


188 


79 




125 


3-930 


171 


12-46 


217 


33-02 


S4 


196 


80 1 


oa3 


126 


4-039 


173 


12-75 


218 


3367 


85 


204 


81 1 


057 


127 


4-151 


173 


13-06 


219 


34-33 


86 


312 


82 1 


092 


128 


4-265 


174 


13-35 


220 


35-01 


87 


220 


83 1 


US 


129 


4-382 


175 


13-66 


221 


35-68 


88 


229 


84 1 


165 


130 


4-502 


176 


13-96 


222 


36-37 


89 


238 


H5 1 


203 


131 


4-025 


177 


14-28 


223 


37 08 


40 


247 


BH I 


24-2 


132 


4-752 


178 


14-60 


224 


37-80 


41 


257 


B7 1 


282 




4-881 


179 


14-93 


225 


38-63 


42 


267 


88 1 


323 


134 


5-012 


180 


15-27 


226 


39-27 


43 


277 


89 1 


366 


135 


5-146 


181 


15-61 


227 


40-02 


44 


288 


90 1 


401 


136 


5-283 


182 


15-96 ; 


228 


40-79 


45 


299 


91 1 


455 


137 


5-423 


183 


16-32 


220 


41-56 
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BLA8TI0 FOBOE OF YAPOUB. 



Table 12 — continued. 



Temp. 


Force in 


Temp. 


Force in 


Temp. 


Force in 


Temp. 


Force in 


Temp. 


Force in 


Fahr. 


indies. 


Fahr. 


inches. 


Fahr. 


inches. 


Fahr. 


inches. 


Fahr. 


inches. 


230 


42-34 


o 
274 


91-18 


o 
318 


177-9 


o 
362 


320-5 


406 


539-5 


231 


43 


14 


275 


92-67 


319 


180' 


5 


363 


324 


6 


407 


545-5 


232 


43 


•95 


276 


94-18 


320 


183 


1 


364 


328' 


7 


408 


551-6 


233 


44 


•78 


277 


95-72 


321 


185 


7 


365 


332' 


8 


409 


557-7 


234 


45 


•62 1 


278 


97-27 


322 


188' 


3 


366 


336' 


9 


410 


563-9 


235 


46 


•47 i 


279 


98-84 


323 


191' 





367 


341' 


2 


411 


570-1 


236 


47 


•32 


280 


100-4 


324 


193' 


7 


368 


345' 


4 


412 


576-4 


237 


48 


•20 


281 


102-0 


325 


196- 


4 


369 


349' 


7 


413 


582-8 


238 


49 


•08 


282 


103-6 


326 


199' 


2 


370 


354' 





414 


589-2 


239 


49" 


98 


283 


105-3 


327 


201' 


9 


371 


358' 


4 


415 


595-7 


240 


50" 


•89 


284 


107-00 


328 


204- 


8 


372 


362' 


8 


416 


602-2 


241 


51 


83 


285 


108-7 


329 


207' 


6 


373 


367' 


2 


417 


608-8 


242 


52" 


77 


286 


110-4 


330 


210' 


5 


374 


371' 


8 


418 


615-4 


243 


53' 


72 


287 


112 1 


331 


213' 


4 


375 


376' 


3 


419 


622-1 


244 


54' 


69 


288 


113-9 


332 


216' 


4 


376 


380' 


9 


420 


628-8 


245 


55' 


68 


289 


115-7 


333 


219' 


4 


377 


385' 


5 


421 


635-6 


246 


56- 


68 


290 


117-5 


334 


222' 


4 


378 


390' 


2 


422 


642-5 


247 


57 


69 


291 


119-3 


335 


225' 


4 


379 


394' 


9 


423 


649-4 


248 


58' 


71 


292 


121-2 


336 


228- 


5 


380 


399' 


6 


424 


6568 


249 


59- 


75 


293 


123-05 


337 


231' 


6 


381 


404' 


4 


425 


663-3 


250 


60' 


81 


294 


124-9 


338 


234- 


7 


382 


409- 


3 


426 


670-4 


251 


61- 


89 


295 


126-8 


339 


237' 


8 


383 


414' 


1 


427 


677-5 


252 


62- 


98 


296 


128-8 


340 


241' 


1 


384 


419' 





428 


684-7 


253 


64- 


09 


297 


130-7 


341 


244' 


3 


385 


424' 





429 


691-9 


254 


65' 


21 


298 


132-7 


342 


247- 


6 


386 


429' 





430 


699-2 


255 


66' 


35 


299 


134-7 


343 


250' 


9 


387 


434' 


1 


431 


706-5 


256 


67' 


50 


300 


136-8 


344 


254' 


3 


388 


439' 


2 


432 


713-9 


257 


68' 


66 


301 


138-9 


345 


257' 


6 


389 


444- 


4 


433 


721-4 


258 


69' 


85 


302 


141-0 


346 


261' 


1 


390 


449' 


6 


434 


728-9 


259 


71 


05 


303 


143-1 


347 


264' 


5 


391 


454' 


9 


435 


736-5 


260 


72 


27 


304 


145-2 


348 


268' 





392 


460' 


2 


436 


7441 


261 


73' 


50 


305 


147-4 


349 


271' 


5 


393 


465' 


5 


437 


751-8 


262 


74' 


76 


306 


149-6 


350 


275' 





394 


470' 


9 


438 


759-6 


263 


76' 


03 


307 


151-8 


351 


278' 


6 


395 


476' 


4 


439 


767-4 


264 


77 


31 


308 


154-0 


352 


282' 


3 


396 


481' 


9 


440 


775-3 


265 


78 


•62 


309 


156-3 


353 


285 


9 


397 


487' 


4 


441 


783-2 


266 


79 


•93 


310 


158-6 


354 


289' 


6 


398 


493 





442 


791-2 


267 


81 


•27 


311 


160-9 


355 


293 


4 


399 


498 


•7 


443 


799-3 


268 


82 


•63 


312 


163-2 


356 


297 


1 


400 


504 


•4 


444 


807-4 


269 


84 


•01 


313 


165-6 


357 


300 


•9 


401 


510 


•1 


445 


815-6 


270 


85 


•41 


314 


168-0 


358 


304 


■7 


402 


515 


•9 


446 


823-9 


271 


86 


■83 


315 


170-5 


359 


308 


•6 


403 


521 


•7 


447 


832-2 


272 


88 


•26 


316 


172-9 


360 


312 


•6 


404 


527 


•6 


448 


840-6 


273 


89-72 


317 


175-4 


361 


316-5 


405 


533-5 


449 


849-0 



BOILING-POINTS OF LIQUIDS. 13 

But this difference will not affect the correctness of our 
calculation ; for instance, the amount of heat to convert water 
at 32 to steam is by the above, 180 -f- ^66 = 1146 units, and 
by the other method, 1178 — 32 = 1146 units also. 

(9.) These results, however, will be slightly modified by the 
fact that the latent heat of water itself varies with the tem- 
perature (1), and the total heat from 32^ will be more accurately 
given, according to the experiments of Eegnault, by the for- 
mula, H = 1081-4+ -305 t, in which H = the total heat 
from 32^, at the temperature t ; thus at 212° we have 1081 * 4 -|- 
(•305 X 212) = 1146-06 units. ^ 

The heat that becomes latent will be given precisely by the 
formula Z = 1115-2 — '708 t\ Z being the latent heat at 
the temperature t 

(10.) " Boiling-poirU of Liquids.*' — "When the temperature of 
any liquid is raised to a certain point, the liquid passes off in a 
state of vapour, and the temperature remains constant. This 
temperature varies however, with the pressure of the atmosphere 
or vapour on the surface of the liquid. Table 9 gives the 
boiling-points of liquids at ordinary atmospheric pressures, 
and Table 10 the variation in temperature with reduced pres- 
sure. Tajbles 11 and 12 give the temperatures with increased 
pressure. \. 

The boiling-point is not affected by foreign bodies in the 
water, &c., so long as the body does not combine chemically 
with the water ; but a great number of salts, &c., do so combine, 
and the boiling-point is raised, as shown by Table 13, from the 
experiments of M. Legrand and others. It has been found that 
the vapour produced at the surface of a saline solution is that of 
pure water, and has the same temperature of 212° under 30 
inches of mercury, although the temperature of the solution 
itseK may be much higher. 

(11.) " JSagpawwon." — ^All bodies, whether solid, liquid, or 
gaseous, are expanded or increased in volume by heat, but in 
very different proportions, as shown by Table 14. In the case 
of solids the expansion may be estimated by the increase in 
length, or by the increase in volume. Let us imagine a very 
expansible solid, such that by a given change of temperature its 
length would be doubled, say from one foot to two feet ; now 
if tiie body were a cube, expansion taking place equally in all 
directions, it is obvious that, while before expansion it measured 
one cubic foot, it would, after expansion, measure 2x2x2 = 8 
cubic feet. Estimating by length, therefore, we should say that 
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EXPANSION. 



Table 18. — Of the Boiling-Points of Solutions of Vabious Salts, at 
ordinary Atmospheric Pressure, from the Ezperimeuts of M. Legeand 
and others. 





Temperature 

of 
Eballition. 


Weight of 
Salt in 




100 lbs. of 
Water. 


Saturated solution of Chlorate of PotAssa . . . . 


219-56 


lbs. 
61-50 




, ,» Carbonate of Soda k. 


220 


■28 


48-50 




, , , Phosphate of Soda 


221 


•9 


113-30 




, , , Chloride of Potassium . . 


226 


•94 


59-40 




, ,, ,, Soda .. 


227 


12 


41-20 




, , , Neutral Tartrate of Potassa . . 


238" 


40 


296-20 




, , , Nitre, or Saltpetre 


240- 


62 


335 10 




Nitrate of Soda .. .. ». 


249' 


80 


224-80 




, , , Acetate of Soda 


255' 


90 


209-00 




, , , Carbonate of Potash . . 


275' 


00 


205-00 




, , , Nitrate of Time 


303- 


80 


362-20 




, , , Acetate of Potassa 


336- 


20 


798-20 




, ,, Chloride of Calcium .. 


355- 


10 


325-00 




, , , Nitrate of Ammonia . . 


356- 


00 


Infinite 




, , , Cammon Salt 


226 





36-37 


Not saturated solution of Common Salt 


224 


9 


33-34 








223 


•7 


30-30 








222 


5 


27-28 








221 


■4 


24-25 








220 


•2 


21-22 








219 


•0 


18 18 








217 


9 


15 15 








216 


•7 


12-12 








215 


5 


9-09 








214 


•4 


6-06 








213 


•2 


303 








212-0 


0-00 



the comparative lengths at the two temperatures were as 1 to 2, 
bnt by volmue as 1 to 8, and in all cases the increase in volmne 
is the cube of the increase in length. 

For the very small dilatation of solids, such as are met with 
by experience, the expansion in volume may without sensible 
error be taken at three times the linear dilatation, for a cube 
has three dimensions, length, breadth, and height, and if each 
of these dimensions be increased by a very small amount, it is 
evident that the expansion of the cube in volume is very nearly 
three times the linear expansion. 

" Contraction of Metals in Casting,^ — The contraction which 



EZPAHBION, 



TABI.B 14.— Of the ExpAhstoh of Bodies by Heat for V Falireuheit, 
beJDg the expansion per degree between 32°uid 212°, theTolumeat 
32° being 1-0. 



FiraBrick 

Marble (black) 

White Deal 

Brick, slock 

Marble (Cnrmra) 

Oranile I Aberdeen gtEy3 .. 

Olnsa tube 

Platina 

Btftte (PenrhjTi) 

Cost lion 

Steel, rod 

Wrought Iron 

Iron Wire 

Bomaa Ctmcnt 

Copper 

Bram, cast 

Silver 

Tin 

Lend 

Zinc, liammered 

Mercory 

., (inglBs-, 

'Water (40° tu 212'^ 

(in glaas) 
Alcohol rSO" to 100°) 
linBaed Oil (32° to 212°; (in gli 



-000002349 
■000002407 
■000002556 
■000003057 
■000003633 
■000004386 
■000004567 
■000004835 
■000005764 
■000006167 
■000006441 



■000010417 
■000010450 
■000010723 
■000011121 
■000013102 
-000015876 
■000017268 



metala experience in cooling down &om tlieir melting points 
to ordiiiiiry temperatures is very coneiderable, and tJloirance 
has to be mado for it iu ftiii^ the size of tlie pattern. 

Table 16 giTee the result of practical obscrratious on this 
snbject; thus a cast-iron girder, 20 feet long, mu8t hare a 
pattern '1246 x 20 = 2*492 inches longer than itself; but a 
pattern 20 feet long would give a casting -1236 x 20 = 2-472 
inches shorter than itself. For practical purposes Jth of an 
inch to a foot is a good approximation. 
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OONTBAOnOK OF METALS. 



Table 15.— Of the Contraction of Metals in Casting. 





Length 
Pattern. 


Contraction. 






Total 
in 


Per foot 
















inches. 


Of 
Pattern. 


Of 
Gastbig. 






ft. in. 




inches. 


inches. 




Cast-lion girder 

»> »» •• •• 


21 8f 
16 9 


2^^ 


•1236 
•1225 


•1246 
•1236 




Gun-metal bar 


5 4| 


10 


•18568 


•1886 


Maximnm. 




5 m 


•936 


•1653 


•1676 






1 1 


•97 


•1713 


•1737 






6 Oi 


1-0 


•1661 


•1684 






5 ^ 


•92 


•1671 


•1695 






t 9 


•90 


•1635 


•1657 






t t 


•88 


•1598 


•1620 






( ) 


•84 


•1526 


•1545 


Minimum. 




• • 


• • 


•1607 


•1632 


Mean of a 


Copper and Tin, Copper\ 
113, Tin 10 / 


5 6A 


•895 


•1623 


•1645 


Maximum. 


* f * * 


» » 


•880 


•1595 


•1617 




* 9 9 * 


> » 


•880 


•1595 


•1617 




t > y > 


t t 


•855 


•1550 


•1570 


Minimum. 


» ) ft 


t » 


• 9 


•1591 


•1612 


Mean of 4. 


Yellow Brass 


2 94 


•5 


•1811 


•1839 




Copper 


7 10i 


1-54 


•1948 


-1980 


Minimum. 


*• •• •• •• •• 


7 H 


1-465 


•1972 


•2005 




,) •• •• •• •• 


9 f 


1-465 


-1972 


•2005 


Maximum. 


,, •• •• «• •• 


• • 


• • 


•1964 


•1996 


Mean of 4. 


Lead 


2 


•21 


•1050 


•1059 




Zinc, cast in iron mould . . 


2 0^ 


•455 


-2257 


•2301 


Minimum. 


) > t > •* 


t » 


•465 


•2307 


•2352 


Maximum. 


» f » » •• 


• • 


« • 


•2282 


•2326 


Mean of 2. 



The contraction of wheels is anomalous, as is shown by Table 
16. The great irregularities in the ajpparent contraction arise in 
great part from the practice of " rapping " the pattern in the 
sand, to make it an easy fit, and enable it to be drawn ont with 
facility. This is most influential in small heavy wheels, of 
great width of face : in some cases, and in rongh hands, the 
casting of a small and heavy pinion may be quite the full size 
of the pattern. The allowance to be made is, therefore, not 
uniform, but must be fixed by judgment. But besides this, a 
wheel, &c., is not so free to contract as a straight bar, and in 
any case its contraction will be rather less. 



EXPANSION OF LIQUIDS. 
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Table 16.^0f the C!ontbaction in Casting Sfub Wheels in 

Cast Iron. 



Extreme 

diameter of 

Wheel 

Casting. 



Pitch 

in 
inchea. 



a in. 
10 2f 

^ ?^ 
6 If 

2 llf 
2 41^ 



8* 

H 
Si 

Si 

^ 
3i 



Width 

of 

Teeth In 

inches. 



12 
9 
11 
11 
12 
9 



OontractioiL 



Total 

in 
Inches. 



•08 
54 
375 
345 
11 
115 



Per foot. 



Of 

Gasting. 



Of 
Pattern. 



inches. 

•1059 

•0893 

•0613 

•0631 

•03896 

•0397 



inches. 

•1040 

•0886 

•0610 

•0628 

•03884 

•0396 



(12.) " The Expansion of Liquids.** — The expansion of liquids 
mnst be estimated by the increase in volume, Eeferring to the 
former illustration (1 i\ we may suppose that a cnbic foot of 
the liquid is contained in a vessel that does not itself expand voith 
heatj but of such a height as to allow the liquid to expand in 
that direction only. When, by expansion, the cubic foot of 
liquid becomes 8 cubic feet, it is obvious that the vessel, whose 
length and breadth is fixed, must be 8 feet high to hold the ex- 
panded liquid, and thus the linear dilatation is in fact the actual 
e]q)ansion in volume. 

But if the vessel is itself expansible, the observed expansions 
are apparent only, not real and absolute, being in fact the 



Table 17.— Of the Variation in the Expansions of Bodies at 
different Temperatures, from the Experiments of Dulono. 



Iron .. 
Gopper 
Glass 



MercQiy .. 



32© to 212°. 



32° to 3020. 



32° to 6720. 



Linear Expansion for 1^ Fahrenheit 



000006567 
•000009545 
000004785 



000005125 



•000008158 
•000010462 
•000005616 



Expansion in Volume for l^' Fahrenheit 



0001001 



t 



00010241 



•00010482 



18 EZPAHBIOM OF WATZB. 

difference between the expansion of the liqnid and that of the TOwel 
contaiaiiLg it. Thus iiom Table 14 the expansion of glass in 
Tolnme is ' 000013701, and the abtdute expansion of mercniy is 
■00010054, the apporeni expansion of mercury in a glara veesel 
(anch as a thermometer bnlb, Ac.) will therefore ba '00010064 
- -OOOOlStOl = -000086839, as per Table U. 

The expansion of water is exceptional and anomalons. It 
attains a minimum Tolume and a maximum density at 40°, and 
a departure from that temperature, in either direction, is accom- 
panied by expansion, ao that 8° or 10" of cold prodncea 





s- 


V..™. 


GMViiy. 


w.w^f. \ 


pansionfcr 






20 


1 -0012000 


-99880 


62-33 


0000822 
0000378 
0000129 
00D04S6 
OUO089S 
0001216 
0001516 
0001758 
0002010 






30 


1-O0037KO 


■99962 


62-38 






40 


l-OOOOOOO 


1-00000 


62-40B 






42 


1-0000258 


-99997 


62-406 






52 


1-0005123 


-99950 


62-377 








1-0014070 


-9986 


62-321 






72 


1-002627 


-9974 


62-25 








1-004143 


-9959 


62-15 






92 


1-005901 


-9941 


62-04 






102 


1-007911 


-9921 


61-92 






112 


1-010150 


■0900 


61-78 


00024G 
000266 
000287 
000306 
000323 
000345 
000360 
00U378 
000396 
000411 
000434 
000464 
000498 
000562 
000673 
000656 
000718 
000780 
000S66 






122 


1-01261 


■9875 


61-63 






132 


1-01527 


■9850 


61-47 






142 


1-01814 


■9822 


61-30 






152 


1-02120 


■9792 


61 11 






lti2 


1-02443 


■9761 


60-92 






172 


1-02788 


■9729 


60-72 






182 


1-03148 


■9695 


60-5 






192 


1-03526 


-9650 


60-28 






202 


1-03922 


■9622 


60-05 






212 


1-04333 


■9585 


59-82 






230 


1 05115 


-9513 


59-37 






250 


1 06043 


■9430 


58-85 






275 


1- 07289 


■9321 


58-17 






300 




■9200 


57-12 






350 


1-11560 


-89(53 


55-94 






400 


1-14840 


■8708 


54-34 






450 


1-18430 


-8444 


52-70 






600 


1-22330 


■8175 


51-02 






600 


1-30990 


■7634 


47-64 





EXPANSION OF GASES, 19 

about the same amount of expansion as 8^ or 10° of heat. This 
is shown by Table 18, which is calculated by Tredgold's rule — 

^- log. (t - 40) + 6*910909 = the log. of the Expansion, 
o 

(18.) The expansions of solids and liquids are not equal for 
equal increments of heat, but increase with the temperature, as 
is shown by Table 17, from the experiments of Dulong ; but for 
practical purposes we may in most cases admit a uniform rate, 
having the value given by Table 14. 

(14.) ^^ Expansion of Gases'' — It has been found by experi- 
ment that all the gases, dry air, and even vapours out of contact 
toith their generating fluids expand alike, with the same change 
of temperature, or very nearly so. Regnault*s experiments 
give the expansion from 32° to 212° at • 00367 of the bulk 

at 32°. The general formula becomes V = V X .^^ . , ^ ; 

45o'4-j-* 
in which Y = volume of gas, &c., at the temperature t, 

and V = „ at the new temperature f . 

Thus air whose volume at 32° = 1 • 0000 will have at 2500° a 

volume of 1-0000 x f^o'f "^o^^^ = 6-032. Table 19 has 

458-4 + 32 

been caculated by this rule, and Table 20 gives a comparison of 
its results with the experiments of Dulong and Petit. 

(15.) When the pressure is not constant, the volume may be 
calculated by the law of Marriotte, namely, that the volwne of 
any gas varies in the inverse ratio of the pressure, the temperature 
remaining constant The pressure here meant is the total pres- 
sure above a vacuum. Thus a cubic foot of air, in ordinary 
cases, has the pressure of the atmosphere upon it to begin with, 
say 15 lbs. (nearly) per square inch, and its volume^ under a 

pressure of say 45 lbs. per square inch above atmosphere, will 

1 K 

be 1 X --= Ti, = '25 cubic foot. Practical men have generally 

15 4- 45 

to deal with pressures above the atmosphere, and are apt to 
forget to add the pressure of the atmosphere itself, and thereby 
make serious errors in calculation. 

(16.) When there is a change both in temperature and pressure, 

the rule becomes V = V x ^X t^^'f "^ f , in which V, P, 

r 458-4 + t 

and t are the Volume, Pressure, and temperature in one case, 

and V, P', and H the Volume, Pressure, and temperature in 

another case. Thus 10 cubic feet of air at ordinary atmospheric 

2 
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YOLUMB, &C., OF DBY AIB. 



Table 10. — Of the Volume and Weight of Dbt Aib at Diffebent 



I'empebatubes under a constant Atmospheric Pressure of 29*92 


inches of Mercury in the Barometer, the Volume at 32° heing 1. 








Weight of 






Weight of 






Temp. 


Volume. 


a Cubic foot 
In pounds. 


Temp. 


Volume. 


a Cubic foot 
in pounds. 






o 



•935 


•0864 


o 
5.50 


2-056 


•0384 






12 


•960 




•0842 


600 


2-158 




•0376 






22 


•980 




•0824 


650 


2-260 




•0357 






32 


1000 




-0807 


700 


2-362 




•0338 






42 


1020 




•0791 


750 


2-464 




•0328 






52 


1041 




•0776 


800 


2-566 




0315 






62 


1061 




•0761 


850 


2-668 




0303 






72 


1082 




•0747 


900 


2-770 




0292 






82 


1102 




■0733 


950 


2-872 




•0281 






92 


1122 




•0720 


1000 


2-974 




•0268 






102 


1143 




•0707 


1100 


3-177 




0254 






112 


1-163 




•0694 


1200 


3-381 




0239 






122 


1-184 




•0682 


1300 


3-585 




0225 






132 


1-204 




•0671 


1400 


3-789 




0213 






142 


1-224 




•0660 


1500 


3-993 




0202 






152 


1-245 




0649 


1600 


4-197 




0192 






162 


1-265 




0638 


1700 


4-401 




0183 






172 


1-285 




•0628 


1800 


4-605 




0175 






182 


1-306 




"0618 


1900 


4-809 




0168 






192 


1-326 




0609 


2000 


5012 




0161 






202 


1-347 




•0600 


2100 


5-216 




0155 






2J2 


1-367 




0591 


2200 


5-420 




0149 






230 


1-404 




0575 


2300 


5-624 




0142 






250 


1-444 




•0559 


2400 


5-828 




0138 






275 


1-495 




0540 


2500 


6-032 




0183 






300 


1-546 




0522 


2600 


6-236 




0130 






325 


1-597 




0506 


2700 


6-440 




0125 






350 


1-648 




0490 


2800 


6-644 




0121 






375 


1-689 




0477 


2900 


6-847 




0118 






400 


1-750 




0461 


3000 


7-051 




0114 






450 


1-852 




0436 


3100 


7-255 




0111 




500 


1-954 


-0413 


3200 


7-459 


'0108 




Table 20.— Of the Expakj 


JION of ] 


3rt Atr hy Heat. 






Volume by 






Volume by 






r 


rempera- 


blxperiment. 


Volume by 


Tempera^ 


Experiment 


Volume by 






ture. 


Dulong and 
Petit 


Calculation. 


ture. 


Dulong and 
Petit 


Calculation. 






-32-8 


•8650 


•8678 


392 


1-7389 


1-734 






4-32 


1-0000 


1-0000 


482 


1-9198 


1-918 






212 


1-3750 


1-367 


572 


2 0976 


2-101 






302 


1-5576 


1-551 


680 


2-3125 


2-322 





SXPAN8I0K OF MOIST AIB, &C, 21 

pressure, say 15 lbs. per square mch, and temperature 60^, would, 
if heated to 200°, and under a pressure of 40 lbs. per square inch 
above the atmosphere, or 15 -|- 40 = 55 lbs. above a vacuum, 

become 10 x ^^X .>o ^ . /»n = ^'"^ ^^^^^ ^®®** 

55 458 '4 -f- 60 

(17.) *^ Expansion of Moist Air J" — ^When the vapour of water 

or other liquid, is present in the air or gas, another element 

becomes necessary in the calculation of its bulk at different 

temperatures, namely the elastic force of the vapour at the given 

temperature, which is given for water by Table 12. The rule 

then becomes V = V x p *" -i- X -TKoTT^t ' ^ ^^^ V, P, 

F, and t represent the Volume, Pressure, elastic Force of 
vapour, and temperature in one case, and V, P', F', and f in 
another case. The principle of this rule will be b^t understood 
by reasoning out an example. 

Imagine a vessel containing 1000 cubic feet of air at 0°, 
saturated with vapour, and having a barometer enclosed indi- 
cating say 82*18 inches of mercury as the pressure of the 
mixture of air and vapour. Now it is an axiom that the pressure 
of such a mixture is the sum of the separate pressures or elasti- 
cities of the air and the vapours ; and as ihe elastic force of 
vapour at 0° is *044, il follows that the pressure of the air 
alone is in our case 32*18 — *044 = 32*136 inches. If the 
mixture be heated to say 112°, it will behave exactly as dry 
air or gas if no water be present to supply vapour ; and the 
pressure remaining the same, the volume would become 1000 x 

-J— TT-T-i^o- = 1244 cubic feet. If now a little water be added 
458* 4 -f- 0° 

to saturate the heated air, the tension of vapour at 112° being 
2*731, the pressure would in a closed vessel be increased to 
32*136 -f 2-731 = 34*867 ; and if the vessel be enlarged until 
that pressure be reduced to its normal state of 32 * 18 inches, its 

capacity would become 1244 x ^^ ^q = 1348 cubic feet. 

oA * lo 

Putting this in the form of the formula already given, we have 
1000 X ^^' ^^^ + 2-731 458*4 + 112 ^ ^g^g ^^^^ ^^, ^ 

^ 32*136+ -044 ^ 458*4+ 
before. General Boy made some experiments on the expansion 
of moist air at a pressure of 32*18 inches. His results are 
given in Table 21. Col. 4 is calculated by the formula. 
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EXPANSION OF MOIST AIB, &C, 



Table 21. — Of the Expansion of Moist Ant, at a pressure of 32^18 in. 
of the Barometer, from the Experiments of General Roy. 







Elastic force 










Tempera- 


of Vapour, 


Volume by 


Volume by 






ture. 


inches of 
Mercury. 


Experiment. 


Calculation. 






°0 


•044 


1000-00 


1000-0 






32 


•181 


1071-29 


1074-5 






52 


•388 


1123-05 


1125 1 






72 


•785 


1182-50 


1183-7 






92 


1-501 


1255-14 


1255-0 






112 


2-733 


1353-75 


1348-3 






132 


4-752 


1491-06 


1476-4 






152 


7-931 


1689-00 


1657-0 






172 


12-752 


1929-78 


1918-3 






192 


19-837 


2287-44 


2291-0 






212 


30-000 


2672-00 


2824-0 





If the vapour present is other than that of water, of course 
the elastic force of that particular vapour must be taken, from 
Table 22. 



Table 22.— Of the Elastic Force of the Vapour of Alcohol, Ether, 
&c. &c., in inches of Mercury, from the Experiments of Regnault. 



Temp. 
Fahr. 


Water. 


AlcohoL 


Ether. 


OU of Tur- 
pentine. 


Sulphuret 
of Carbon. 


Chloroform. 


-1 


•036 


•130 


2-724 


■ • 


• • 


• • 


+14 


•082 


-256 


4-457 


• • 


3-110 


• • 


32 


•181 


•500 


7-177 


-082 


5-012 


■ • 


50 


•361 


-949 


9-311 


-091 


7-846 


5-133 


68 


•685 


1-732 


17-118 


•169 


11-740 


7-488 


86 


1-242 


3-087 


25-079 


•276 


17-110 


10-870 


104 


2-162 


5-279 


35-968 


-441 


24-311 


14-331 


122 


3-621 


8-673 


49-921 


•677 


33-571 


20-642 


140 


5-858 


13-780 


68-122 


1-059 


45-772 


29-055 


158 


9-177 


21-228 


90-925 


1-649 


60-982 


38-433 


176 


13-962 


32-000 


116^031 


2-409 


88-941 


53-850 


194 


20-687 


47-866 


153-504 


3-583 


112-035 


71-319 


212 


29-921 


66-338 


193-717 


5-311 


130-760 


92-701 


230 


42-337 


92-591 


246-024 


7.374 


162-846 


118-913 


248 


58-712 


126-291 


« m 


10-118 


201-638 


150-315 


266 


79-932 


170-520 


• • 


13-661 


246-480 


185-866 


284 


107-000 


221-957 


m • 


18-201 


« • 


• • 


302 


141-000 


285-740 


• • 


23-799 


• . 


• • 



THEBMOMETEBS. 
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(18.) ** Hiermometera" — The expansion of bodies by heat has 
afforded the most convenient method of measuring temperatures. 
In the common thermometers mercury is used for me£um tem- 
peratures, say from 0° to 600° ; for lower temperatures alcohol 
is used, because it always remains fluid, even with the greatest 
cold which can be produced by artificial means ; for high tem- 
peratures metals are commonly used. There is an imperfection 
in all these bodies as measurers of heat, for as we have seen (13) 
their expansions are not equable for equal increments of heat ; but 
in the case of the mercurial thermometer it most fortunately 
happens that the variations of expansion in glass and mercury 
almost exactly compensate each other, so that mercury in glass 
has an expansion nearly equable at medium temperatures. 
Table 23, calculated from the refined experiments of Begnault, 

Table 23. — Of the Ebbob of the Common Meboubial Thebmometeb 
in Glass Tube, from the Experiments of Regnault. 





Error of 




Error of 




Error of 


Temperature 


Mercurial 


Temperatmne 


Mercurial 


Temperature 


Mercurial 


by an Air 


Thermometer 


by an Air 


Thermometer 


by an Air 


Thermometer 


Thermometer. 


hi Degrees 


Thermometer. 


in Degrees 


Thermometer, 


. in Degrees 




Fahr. 




Fahr. 




Fahr. 


212 


•000 




374 


-•630 


536 


+ ^936 


230 


-•036 


392 


-•550 


554 


+ 1-440 


248 


-•090 


410 


-•450 


572 


+1^944 


266 


-162 


428 


-•360 


590 


+2^610 


284 


-•270 


446 


-•270 


608 


+3-240 


302 


-•360 


464 


-•180 


626 


+4-320 


320 


-•468 


482 


+ •090 


644 


+5^400 


338 


-•576 


500 


+ •360 


662 


+7^200 


356 


-•666 


518 


+ •684 







gives the error of the mercurial thermometer in common glass, 
such as is ordinarily used for thermometers, and it shows that, 
for temperatures imder 640^, the error is less than 1^ Fahr. ; 
above that temperature the error becomes rapidly greater, and 
amounts to 7 * 2° at 662^. The amount of error seems to vary 
greatly with the kind of glass employed : with fine crystal glass 
the error at 662^ was found by Eegnault to be as much as 19^. 

^^Air Thermometer8*' — Air offers the great advantage as a 
measurer of heat, that its expansions are equal for equsd incre- 
ments of heat, and it is particularly valuable at high tempera- 
tures, where the departures of solids from uniformity become 
very serious : this is strikingly shown by Tables 24 and 25, from 
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MELTING ponrro of ubtals, &c. 



Table 24.— Of the Melting Point of Metals, &c., aooording to the 
Experiments of Pouillet; the temperatures above doll red heat were 
measured by au Air Thermometer. 



1 1 

» 9 

t 9 



Wrought Iron, English, hammered . . 

, , French, soft 
Steel, maximum 

,, minimum 

Oast Iron, grey, 2nd fusion 

,, very fusible .. .. 
white, maximum 
, , minimum . . • . 
Gold, very pure 

,, standard coin 

Silver, very pure .. 

Brass 

Antimony 

Zinc 

Lead 

Bismuth 

Tin 

Sulphur 

Wax, white 

,, imbleached 

Spermaceti 

Stearine 109° to 

Phosphorus 

Tallow 

Oil of Turpentine 

Mercuiy 

Bismutn, 4 ; Tin, 1 ; Lead 1 



8 
5 
5 
1 
1 





1 





I * 
I * 

» 9 

t » 

) > 

t 9 

t » 

t » 

* I 
> * 

* f 

* f 

* * 



3 
3 
4 
1 
2 
3 
3 
4 
5 
2 
3 
1 
1 



5 
2 
1 


1 
1 
1 
1 
1 

1 
3 



Common Salt, 1 ; Water, 3 
Sulphuric Acid, sp. gr., 1 • 6415 . . 

,, Ether 

Ice 



Fahr. 



2910 

2730 

2550 

2370 

2190 

2010 

2010 

1920 

2280 

2156 

1830 

1650 

810 

798 

630 

518 

455 

239 

154 

143 

120 

120 

109 

92 

14 

-40 

201 

212 

212 

246 

286 

334 

334 

367 

372 

381 

385 

392 

466 

504 

4 

-45 

-46 

32 
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Table 25. — Temperatubes corresponding to various Degrees of 
Light in Heated Metal, Furnaces, &c M. Pouillet. 



Bed, jnst visible . 
,, dull .. . 
, , cherry, dull . 
, , full . 
, , , , clear 
Orange, deep 
, , clear 
White heat .. . 
,, bright 
, , dazzling . 




the experiments of Pouillet and others with air thermometers, 
which exhibit glaring errors in the old tables of Wedgwood, 
Morveau, and Daniell. 

The scale of the thermometer is arbitrary ; in this oonntrj 
the scale of Fahrenheit is used, the distance between the freezing 
and boilinff point of water being divided into 180 degrees, and 
Zero or 0° is fixed 82° below the freezing-point. On the continent 
the Centigrade scale is commonly used : here 0° is the freezing- 
point of water, and 100° the boiling-point. The readings of 
these two scales are easily convertible by the rules (C x 1*8) 

+ 82 = F and -jTg — - = 0, in which F and C represent 

degrees in the respective scales, Fahrenheit and Oentigrade. 
Plate 12. gives a direct comparison of these scales to all useful 
temperatures. 

Table 26.*— Of the Meak Tevpebattjbe of the Aib, in various parts 
of the Globe, at different Seasons of the Year. 



Irkatsk, Siberia 
NaioL Labrador 
St. Joemard, Alps 
St Gothard, Alps 
Petersburgh .. 
Moscow .. .. 



Height 

above the 

Sea in 

Feet. 



15890 
6873 

480 



Mean Temperatitfe. 



Year. 



14 
25 
80 
30 
38 
38 



5 
5 
2 
6 
3 
5 



Spring. 



17 
21 
28 
27 
35 
43- 



1 
6 
4 
1 
1 
3 



SnmiQer. 



63-0 
45-7 
43- 
441 
60-3 
62*6 



Aatainn. 



Winter. 



20 

36 

31 

320 

40-5 

34*9 



1 
•0 
3 



-38 
- 1- 
IS- 
IS- 
16- 



3 

3 

7 
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Table 26 — continued. 





Height 

ftbove the 

Sea in 


3Iean Temperature. 
















Feet 


Year./ 


Spring. 


Summer. 


Autmnn. 


Winter. 


Ohristiana 


• • 


41?7 


39^2 


59° 5 


42° 4 


25° 2 


Stockholm 


134 


42- 


1 


38-3 


61- 





43-7 


25*5 


Montreal 


• m 


43' 


7 


44-2 


69- 


1 


47-1 


17-5 


Warsaw 


397 


45- 


5 


44-6 


63- 


5 


46-4 


27-5 


Beme 


1918 


46- 





45-8 


60- 


4 


47-3 


30-4 


Stromness (Orkney) 


• • 


46- 


4 


43-7 


54- 


5 


48*2 


89*2 


Copenhagen 


■ • 


46' 


8 


43-7 


63' 





48-7 


31-3 


Dresden 


397 


47- 


8 


471 


62- 


9 


47*1 


31-3 


Edinburgh 


288 


47' 


5 


45-7 


57- 


9 


48-0 


38*5 


Berlin 


128 


47' 


5 


46-4 


63- 


1 


47-8 


30*6 


Nicolaief 


• • 


48' 


7 


49-3 


71' 


2 


500 


25*9 


Vienna 


512 


50' 


2 


50-9 


68- 


5 


50-9 


33-4 


London 


• • 


50- 


7 


49-1 


62' 


8 


51-3 


39*6 


Paris 


210 


51- 


4 


50-5 


64' 


6 


52-2 


37*9 


Penzance 


• • 


52- 





49-8 


61- 


7 


53-8 


43*9 


HobartTown 


• • 


52' 


3 


52-9 


63' 


1 


51-6 


42*1 


Turin 


915 


53' 


1 


531 


71" 


6 


53-8 


33*4 


Trieste 


288 


55- 


8 


53-8 


71' 


5 


56-7 


39*4 


Constantinople 


• • 


56' 


7 


51-8 


73' 


4 


60-4 


40*6 


Montpellier 


• • 


57' 


4 


56-8 


75' 


9 


610 


44*5 


Madrid 


2175 


57- 


6 


57-6 


74' 


1 


56-7 


421 


Borne 


174 


59' 


7 


57-4 


73' 


2 


61-7 


46*6 


Nice 


• • 


60' 


1 


55-9 


72 


5 


63-0 


48*7 


Quito 


9560 


60 


1 


60-3 


60 


•1 


63-5 


59*7 


Naples 

Lisbon 


180 


61' 


5 


59-4 


74 


■8 


62-2 


49*6 


236 


61 


"5 


59-9 


71 


1 


62-6 


52*3 


Buenos Ayres 


• • 


62 


5 


59-4 


73 


■0 


64-6 


52*5 


Palermo 


180 


63 


"0 


59-0 


74 


3 


66-2 


52*5 


Algiers 


• • 


64 





63-0 


74 


•5 


70-5 


540 


Paramatta (Australia) . . 


• • 


64 


■6 


66-6 


73 


•9 


64-8 


54*5 


Madeira (Funchal) 


• • 


65 


•7 


63-5 


70 


•0 


67*6 


61*3 


Cape of Good Hope 


• • 


66 


•4 


65-5 


74 


•1 


66-9 


58*6 


Canton 


• • 


69 


•8 


69-8 


82 


■0 


72*9 


54*8 


Cairo 


• • 


72 


•3 


71-6 


84 


•6 


74-3 


58*5 


Ceylon (Candy) .. .. 


1683 


72 


•9 


74-3 


73 


•0 


72-3 


721 


Bio Janeiro 


• • 


73 


•6 


72-5 


79 


•0 


74-5 


68*5 


Calcutta 


■ • 


78 


•4 


82-6 


83 


•3 


80-0 


67*8 


Jamaica 


• • 


79-0 


78-3 


81-3 


80*0 


76*3 



Note. — The Seasons in this Table are (for the Northern Hemisphere) : 
Spring — ^March, April, and May; Summer — June, July, and August; 
Autumn — September, October, and November; and Winter — ^December, 
January, and February. 
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(19.) The law of Marriotte (15) is true only so long as the 

temperature remains constant ; but every change of pressure, 

and its accompanying change of volume, is simultaneously 

accompanied by a change of temperature, compression causing 

increase, and dilatation decrease. Thus if we take air at 60^ 

and suddenly compress it to one-fourth of its volume as in (15), 

we should, by the law of Marriotte, have increased the pressure 

60 
to j^ = 4 atmospheres; but we shall see presently that the 

compression causes an increase in temperature of 394° Fahr., as 
in col. 7 of Table 27, which will cause, in a closed vessel, a 
further increase of pressure, and instead of 4 atmospheres, we 
should have 7, as per col. 1, which, however, would subside to 4 
when the temperature was reduced by the dissipation of heat to 
the normal temperature of 60^ 

Table 27. — Of the Heat produced by the Compbessiok, and of the 
Cold produced by the Dilatation of Aib, the Volume at Atmos- 
pheric Pressure being 1*0 at the Temperature of 59° Fahrenheit. 



Pressare 


olume. 


Tempera- 
ture of the 
Air through* 
out the 
Process. 


Total 


Above a Vacuum. 


Above the V 
Atmosphere 
in pounds 
per Sq. in. 


Increase or 
Decrease of 


Atmoe- 
pheres. 


Inches of 
Mercury. 


Pounds per 
Square in. 


Tempera- 
ture. 


•167 


5- 


2-45 


3 


■56 


-151-6 


-210-6 


'333 


10- 


4-9 


2 


•18 


- 82-8 


-141-8 


•5 


15- 


7-35 


1 


•634 


- 35-7 


- 94-7 


•667 


20- 


9-8 


1 


•333 


+ 1-4 


- 57-6 


•833 


25- 


12-25 


1 


137 


+ 32-0 


- 27-0 


l-OOO 


30- 


14-7 


0-000 1 


000 


59-0 


0-0 


11 


33- 


16-17 


1-47 


'9346 


73-58 


14-58 


1-25 


37-5 


18-37 


3-67 


838 


83-84 


24-84 


1-5 


450 


22-05 


7-35 


726 


105 08 


46-08 


1-75 


52-5 


25-81 


11-11 


6724 


150-62 


91-62 


20 


60- 


29-4 


14-7 


6116 


175-00 


116-0 


30 


90- 


44-1 


29-4 


4588 


255- 


196- 


4-0 


120- 


58-8 


44-1 


374 


317- 


258- 


50 


150- 


73-5 


58-8 


320 


369- 


310- 


60 


ISO- 


88-2 


73-5 


2807 


414- 


355- 


70 


210- 


102-9 


88-2 


2515 


453- 


394- 


8-0 


240- 


117-6 


102-9 


2290 


490- 


431- 


90 


270- 


132-3 


117-6 


2062 


524- 


464- 


100 


300- 


147-0 


132-3 


1953 


553- 


494- 


a) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 



The general rektiono between volnme, pressore, tmd temperft- 
tnn, are expressed by the following fonunln : — 

T.= (?■) "x (*78 + T,) - 273, „d ^ =|! X 1^. 

in which P, Y, and T, ue the pre§nire, Tolmne, and iranpeimtim i 
in Centigrade degrees in one case, and Pg V, anA Tt in ftnother 
case ; F, and P| are total pressures above a Taoaum. Table 27 | 
has been calcnlated by these rales. 

(20.) The heat thns evolved by the oompreeaion of air is foimd 
very troubleBome in some oaeea, snoh as where air-pmnpa are 
used to supply air to diving-bells, and pnenmatic piles for 
bridges, &a, being destractive to the lubricating oil, and to (be 
valves, &o. It ie usual in such cases to surround the barrela 
with cold water, continually changed by a onrrent paaaing. 
thtoagh the cistern, and we can calculate the quantity of watra 
necessary in any particular case. Say we take the case of a set 
of double-acting pumps, having two barrels, each 12 inchea 
diameter and 18 inches stroke, which, working against 100 feet 
of water, with 85 revolutions per minute, ana about 16 horse- 
power, would discharge 165 cabic feet of air, taken at the 
ordinary atmospherio piessure per minute. The weight of the 
airiBl66x '0761 = 12-6 lbs., and as it is compre^ed witha 
preasure of four atmospheres, the heat generated will be 258° 
by col. 7 in Table 27, not 394°, as it would have been if the 
extra pressore generated by the temperature bad not been 

Table 28.— Of Frioobific Mixtdbbb tot the Annrioui 
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'1 


■i 




+ 60 


:i 




'• 


+ 61 


+M 
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80 HEAT OF THE GLOBE, &C. 

Cold may also be produced by the dilatation of air, as shown 
by coL 7 in Table 27. If compressed air be deprived by cold 
water or otherwise of the heat naturally developed by compres- 
sion, and then suffered to return to its normal volume by the 
relief of the pressure, a very low temperature may be obtained. 
Gold is also produced by evaporation (196). 

(22.) "2%e Temperature of the Air at the Surface of the Globed 
— The temperature of the air varies not only with geographical 
position, but also with the height above the sea level, and with 
local circumstances, so that observation alone can determine the 
mean temperature of any place. Table 26 gives the mean for 
the year, and for the four seasons, from the table of M. Mahl- 
mann in Humboldt's great work on Central Asia, &c. Table 63 
gives the mean temperature of every tenth day throughout the 
year in this country. 

The influence of elevation above the sea is very considerable, 
but seems to vary with the climate, the season, and the contour 
of the ground. Where the slope is gradual, the cold produced is 
1° Fahr. for about 430 feet; on steep mountain slopes about 
355 feet ; and in balloon ascents about 830 feet. 

The temperature of the mrface of the ground, follows pretty 
closely that of the air, but at a certain depth we come to a 
stratum whose temperature is invariable throughout the year, 
and is equal to the mear^ temperature of the air at that place. 
This depth varies, being in this country about 20 feet; in 
tropical America the depth is only 2 feet. 

Below this stratum of uniform temperature the heat increases 
at about the rate of 1° Fahr. for every 58 feet of depth, so that 
if we assume 62° for the temperature of the surface, water would 

boil at fTofio^ ~ 1*64:7 miles, and cast-iron would 

.^ ^ ( 2012 - 62) X 58 ^^ . .. 
melt at sMO^ ~ miles. 
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CHAPTEE II. 



ON COMBUSTION. 

(23.) Gombnstion consists in the combination of bodies with 
oxygen, the result being usually the development of heat and 
light. The combustibles used in the arts are principally com- 
posed of carbon and hydrogen, as shown by Table 29. The 

Table 29. — Of the Chemical Composition of Combustibles, 

according to Peclet, &c. 



Elements. 



Carbon 

Hydrogen 

Oxygen 

Nitrogen and Sulphur 

Water 

Ashes 

Total .. .. 



CoaL 



•812 
•048 
•064 
•031 

•055 



Coke. 



■850 



150 



l^OOO.l^OOO 



Wood. 



Perfectly 
dry. 



'510 
■058 
417 



020 



Ordinary 
Btate. 



•408 
•042 
•334 

•200 
016 



Char- 
coal. 



930 



Feat. 



Perfectly 
dry. 



070 



'580 
•060 
•310 



•050 



1^000 



1000 



1000 1*000 



Ordinary 
state. 



•464 
•048 
•248 

•200 
•040 



1-000 



Elements. 



Carbon 

Hydrogen 

Oxygen 

Nitrogen and Sulphur 
Water .. 
Ashes 



■ . . * 



Total .. 



Oil of Tur- 
pentine. 


Alcohol. 


OUve 
Oil. 


Snlphnric 
Ether. 


TaUow. 


•884 
•116 

* . 
* . 


•5198 
•1370 
•3432 


•7721 
•1336 
•0943 

. . 


•6531 
•1333 
•2136 

• • 

• • 


•790 
•117 
•093 

• « 

• • 

• • 


1^000 


1-000 


1^000 


1-000 


1-000 



Bees- 
wax. 

•816 
•139 
•045 



1-000 



carbon, combining with oxygen derived from the air, forms car- 
bonic acid, and the hydrogen similarly combining, forms water. 
Carbonic acid is composed of one equivalent of carbon (or 76), 
and two equivalents of oxygen (or 200), therefore a pound of car- 
bonic acid consists of „^ . ^^^ = '2727 carbon, and —-_.__ = 

76+200 76+200 

•7273 oxygen. 
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Water is composed of one eqaivalent of oxygen (or 100), and 
one of hydrogen (or 12*5), therefore a pound of water consists 

of ._-^^?^ ^ = -111 hydrogen, and ._ •'^^^^.^ ^ = -889 



100 + 12-5 
oxygen. 



100+12-5 



Table 30. — Of the Calobipio Poweb of Combustibles, by 

Experiment 



Hydrogen, burning to Water . . 



Units or 

Heat 
per lb. of 
Fuel, by 
Experi- 
ment 



Antfaorities. 



» > 

t > 

> * 

> > 



> f 

> * 
* I 
f « 



Garbon, burning to Carbonic Acid . . 
from wood, burning to Car-"^ 



> > 



bonic Acid 



Carbon, burning to Carbonic Acid . . 
, , Carbonic Oxyde 



> > 



f > 



f » 



Carbonic Oxyde, burning to Car-\ 
bonic Acid / 

It 11 11 

1 lb. Carbon in the form of Carbonicl 

Oxyde, burning to Carbonic Acid/ 
Wood, perfectly dried by artificial j 

heat / 

Wood, in ordinary state of dryness . . 
Olive Oil 



1 1 



Colza Oil 
Alcohol 



1 1 



Sulphuric Ether 

density .728 at 68° 
Tallow 



> 1 



Oil of Turpentine . . 

Naphtha, density '827 

Sulphur 



* 1 



Phosphorus 
Bees' Wax, white 



r > 



) 1 



62535 
62032 
42120 
39807] 
42552 
12906 

14544 

14040 
2495 
4453 

4478 

4325 

10411 

6480 

5040 
17752 
16279 
20153 
16753 
12339 
11151 
16974 
14454 
15550 
12935 
19505 
13208 
4682 
4032 
13500 
18900 
17422 



Dulong. 

Favre & Silbennann. 

Laplace. 

Clement. 

Despretz. 

Dulong. 

Fayre & Silbermann. 

Despretz. 

Dulong. 

Favre & Silbermann. 

Dulong. 

Favre & Silbermann. 

Dulong. 

Bumford 

11 •• •• 

Dulong 

Bumford. 
Lavoisier. 
Bumford. 

Dulong 

Bumford. 

Dulong .. .. ' .. 

Bumford. 

» » •• •• •• 

Laplace. 

Dulong 

Bumford. 

Dulong. 

Favre & Silbermann. 

Laplace. 

,, .. •* .. 
Bumford. 



Units of 

Heat 
per lb. of 
Fnel,l^ 
Theory. 



6582 

5265 
17482 



12593 
15095 
16792 
18663 



18873 
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(24.) The experiments of Dnlong, ad given in Table 30, show 
that one pound of carbon, combining with the necessary quantity 
of oxygen, develops 12906 units of heat ; and one pound of 
hydrogen, similarly combining, yields 62535 units. The imit 
of heat is the amount necessary to heat one pound of water 
PFahr. See(l.) 

(25.) When a combustible contains hydrogen and oxygen in 
the proportion required to form water, they combine during 
the process of combustion, but give out no useful heat. If 
hydrogen alone is present, it yields usefully the full amount of 
heat due to it. When oxygen is present, but in too small a 
proportion to combine with the whole of the hydrogen, there 
remains an excess of hydrogen, which yields its due proportion 
of heat as before. 

(26.) Taking as an illustration, first, a body containing no 
oxygen — say oil of turpentiae, which is shown by Table 29 to 
be composed of '884: carbon, and '116 hydrogen — then oi^e 
pound will give — 

Carbon .. -884 x 12906 = 11409 units of heat 
Hydrogen .. -116 x 62535 = 7254 

18663 



(27.) Alcohol will serve to illustrate the effect of oxygen in 
a combustible, it being composed, as per Table 29, of '5198 
carbon, '137 hydrogen, and '3432 oxygen. We have seen in 
(23) that oxygen requires one-eighth part of its weight of 
hyorogen to form water ; the oxygen in alcohol will require 

— Q — = • 0429 hydrogen ; whereas the combustible contains 

o 

•137 of hydrogen: there remains, therefore, '137 — '0429 = 
•0941 hydrogen in excess to develop its heat, and we have — 

Carbon -5198 x 12906 = 6708 units 

Hydrogen in excess .. • 0941 x 62535 = 5885 „ 

12593 „ 

Similarly for Olive Oil, composed of '7721 carbon, '1336 
hydrogen, and ' 0943 oxygen, we have — 

Carbon '7721 x 12906 = 9965 units 

Hydrogen T -1336 - — g— ) = -1218 x 62535 = 7517 „ 

17482 „ 



84 THEOBETIOAL POWEB OF COMBUSTIBLICS. 

Tallow, composed of -79 carbon, '117 hydrogen, and *093 
oxygen, will give — 

Carbon '79 x 12906 = 10195 units 

Hydrogen ^-117 - '-^\ = -1055 x 62535= 6597 „ 

16792 „ 

Sulplmric Ethbr, composed of carbon • 6531, hydrogen • 1333, 
and oxygen • 2136, will give — 

Carbon '^531 x 12906 = 8429 units 



Hydrogen ( -1333 - — g-) = '1066 x 62535 = 6666 



15095 



j> 



55 



Beeswax, composed of carbon '816, hydrogen '139, and 
oxygen • 045, will give — 

Carbon -816 x 12906 = 10531 units 

Hydrogen ( -139 - 1^^ = -1334 x 62535 = 8342 „ 

18873 „ 

(28.) From the Government experiments on Coal, by Playfair 
and i)e la Beche, we find, as a mean of 17 different kinds of 
English, Welsh, and Scotch coals, the composition to be as per 
Table 29, and from this we have — 

Carbon -812 x 12906 «= 10480 units 

Hydrogen r -048 - l^^i") = -041 x 62535 = 2564 „ 



13044 



jj 



Coke, containing • 86 carbon, without any hydrogen or oxygen, 
will yield -85 x 12906 = 10970 units of heat. 

(29.) Wood, perfectly dry, contains not only • 51 carbon, but 
also '47 hydrogen and oxygen, but as these are in the pro- 
portion proper for forming water, they combine without yielding 
any useful heat, and we have -51 x 12906 = 6582 units per 
pound of dry wood. 

Wood in its ordinary state of dryness contains 20 per cent, 
of water, its carbon is thereby reduced to • 51 x * 8 = '408, and 
its calorific power to • 408 x 12906 = 5265 omits per pound. 



EXPERIMENTS ON FUEL. S5 

Charcoal from wood, containing • 93 carbon, will give • 93 x 
12906 = 12002 units per pound. 

(30.) Peat, artificially dried, contains '58 carbon, '06 Hy- 
drogen, and • 31 oxygen. The oxygen in the fuel will combine 

•31 
with—- = '04 hydrogen, leaving '06 — -04 = "02 hydrogen 

o 
in excess, to develop its share of heat ; and we have — 

Carbon -58 x 12906 = 7485 units 

Hydrogen in excess .. -02 x 62535 = 1251 „ 

8736^ „ 



Feat in its natural state of dryness contains ' 464 carbon, 
' 048 hydrogen, and • 248 oxygen. The oxygen will combine 

with '-^- = -031 hydrogen, leaving -048 - -031 = -017 hy- 

o 

drogen in excess, and we have — 

Carbon -464 x 12906 = 5988 units 

Hydrogen in excess .. '017 x 62535 = 1163 „ 

7151 „ 



Charcoal of peat contains *818 carbon, and yields ^818 x 
12906 = 10557 units per pound. 

(31.) The heating power of combustibles, as found by the 
preceding calculations, is the maximum effect they are capable 
of producing. When we come to apply it to practice we shall 
see (96) that there are sources of unavoidable loss which 
reduce their useful effect considerably. 

(32.) The heating power of combustibles may also be deter- 
mined by direct experiment ; this has been done by calorimeters 
specially designed for the purpose, such as Eumford's and others. 
But perhaps the most valuable experiments are those that have 
been made on the large scale on steam-engine boilers in practice ; 
we then obtain the heating power of fuel, in a form directly 
applicable to cases analogous to the experimental ones.. 

(83.) Some care is necessary in applying experimental datsr 
to particular cases, to be certain that the circumstances are 
identical with the experimental ones. For instance, if we make 
experiments on a steam-boiler in full work, with steam up and 
fire in good order, and observe for some hours the quantity of 
fuel consumed, leaving off the experiment with steam up to the 
same pressure and fire in good order, &c., we get a certain result, 

D 2 



86 EFFEOT OF WATEB IN COMBUSTIBLES. 

but one tliat cannot be applied without correction to ordinary 
cases where a boiler is worked only 10 or 12 hours per day, and 
where there are losses during stoppages and at night, for which 
allowance must be made. 

(34.) Eum£ord's apparatus consisted of a shallow vessel of 
copper filled with water; the fuel to be experimented on is 
burnt beneath it, and the products of combustion being collected 
by a hood or inverted funnel, are caused to pass by a worm cir- 
culating through the mass of the water, and the calorific power 
is estimated by the increase in temperature of the water and the 
vessel. To avoid loss of heat by the apparatus during the expe- 
riment, the mean temperature is arranged to be the same as the 
temperature of the air ; thus if the air was at 60° and the range 
of temperature 20°, the water would be taken at 50° to begin 
with, and would be 70° at the end of the experiment. With 
such an apparatus we should not obtain the total heating power 
in the fuel ; some of the heat would be lost by direct racHation 
from the burning fuel, and some would pass off with the air 
issuing from the apparatus after passing through it, which would 
always have a temperature higher than the water it was intended 
to heat. 

(35.) Say we had an apparatus like Eumford's, made of sheet 
copper, weighing 10 pounds and holding 60 pounds of water at 
50°, which became heated to 70° by ^ of a pound or 4 ounces of 
dry wood. The specific heat of copper (Table 1) being • 095 by 
Eegnault's experiments, the amoimt of heat absorbed by the 
vessel heated 20° will be 10 x 20 x -095 = 19 units, and 
the water absorbs 60 x 20 = 1200 imits. The \ lb. of fuel has 
thus given out 19 -4- 1200 = 1219 units, which is equal to 
1219 
-725" ~ ^^"^^ units per pound. Table 30 gives the calorific 

power of combustibles by Eumford and others. 

(36.) " Effect of Water in a Combustible" — ^When a combustible 
contains water, with which it is more or less saturated, the effect 
is twofold ; say we take wood in its ordinary state, containing 
20 per cent, of water ; the really combustible matter is reduced 
to 80 per cent, of the amount contained in the same weight of 
wood perfectly dry, and of necessity the calorific power is 
reduced in the same proportion. The second effect is, that part 
of the heat in the residue is consumed uselessly in evaporating 
the water. Wood perfectly dry gives by Table 30, 6480 units, 
which for wood in the ordinary state containing 20 per cent of 
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water, is reduced to 6480 x '8 =s 5184 units, but the -2 water, 
say at 62^, will require for its evaporation (1178 — 62) x 
*2 := 223 units, so that the useful heat is reduced to 5184 — 223 
= 4961 units : this correction may be neglected in many cases, 
the amount being small in proportion to the heat given out by 
the fuel. 

(37.) The experiments of Eumford have shown that the heat- 
ing power of wood varies only with the state of dryness ; that is 
to say, all the different kinds of wood in the same state of 
dryness yield sensibly the same amount of heat. 

(38.) The best experiments on the heating power of wood, on 
the large scale, are given by F^clet. In one case with a hot«> 
water boiler in a public bath, 15,800 lbs. of water were heated 
153^ by 440 lbs. of wood in the ordinary state of dryness, 

. • . o/v X . . , . . 16800 X 153 
containing 20 per cent, of water; this gives tjq 

= 5494 units per pound of wood. This is an exceptionally 
good result, arising no doubt from the fact that the apparatus 
was so well arranged that the smoke left it at the temperature 
of the atmosphere, or nearly so, the whole of the heat given out 
by the wood being thils utiHzed. 

(39.) In iinothor experiment on a steam-boiler, 3*24 lbs. of 
water were evaporated per pound of wood : the air passed into 
the chimney at 480°, and retained half of its oxygen, or 10 per 
cent, unconsumed (60). The temperature of the feed-water is 
not given, but assuming that it was 100^, the calorific power of 
the wood is 3-24 X (1178 - 100) = 3493 units per pound of 
fueL 

(40.) This is a low result, but it is what might be expected 
under the circumstances. The wood used contained 25 per cent, 
of water, therefore a pound of such wood contained only • 75 lb. 
of real combustible; the water would require '25 x (1178 
— 62°) = 279 units to evaporate it, and there would be a 
further loss of heat by the air in the chimney which departs 
highly heated. We shall see in (55) and (60) that dry wood 
requires 80*5 x 2 = 161 cubic feet of air when the oxygen is 
only half consumed, as in our case ; therefore wood containing 
25 per cent, of water requires 161 x '75 = 120 cubic feet; or 
120 X -0761 = 9-1 lbs. of air, which, heated 420°, or say 
from 60 to 480, the temperature of the air in the chimney will 
carry. off 9-1 x 420 x. -238 = 910 units. Adding these 
together, we obtain 3493 + 279 -f- 910 = 4682 units per 
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pound of damp wood. Eumford's experiments in Table 30 give 
5040 units, tbe difference arises no doubt from loss of beat by 
radiation from the boiler, &c., &c., which, as we have seen in 
(^34) was avoided in the apparatus of Eumford. 

The circumstances under which this experiment was made 
are analogous to most practical cases, and the heating power of 
wood in its ordinary state of dryness may be taken at about 
3500 uijits per pound of fuel, 

(41.) Experiments were made upon the u^eeHy consumption of 
coals by two Elephant or French boilers, composed of a body of 
large diameter, connected by necks with three smaller ones 
about 20 inches diameter : the furnaces were Juckes' self-acting. 
The experiments were made with two kinds of coal, one a kind 
of Welsh coal, and the other small coal, or screenings from 
Yorkshire coals; each kind was experimented on for 6 days, 
from Monday to Saturday, and the result includes, therefore, 
loss by radiation during the night, &c., &c., and in getting up 
steam each morning. The water evaporated was measured in a 
vessel from which the feed pump was supplied. 

(42.) With the Welsh coals 193876 lbs of water were 

19S876 
evaporated by 28160 lbs. of coals, or ~oQi"gg~= 6*88 lbs. 

of water per pound of coal. The water had a temperature of 

1. .Qno ^1, 1. ( 1178 - 80) X 193876 __ 
about 80 , and hence we have ooigA = 7560 

imits per pound of Welsh coals. 

(43.) With the Yorkshire small coals, 167526 lbs. of water 

167526 
were evaporated by 29802 lbs. of coal, or qqqao = 5 • 621 lbs. 

^' ^ ^ , (1178 - 80) X 167526 ^^„^ 
of water per poimd of coal, or ^^ 9qft09 ~ 6172 

units of heat per pound of Yorkshire small coal. 

(44.) Both these results are low, as might be expected, but 
they apply without correction to analogous cases, which are 
yery numerous. The engine worked about 12 hours per day. 

(45.) There is a source of error in such experiments, fre- 
quently overlooked, arising from priming, in which water passes 
over with the steam, and is not evaporated to steam at all. In 
the two following experiments this was avoided by taking off 
the man-hole and allowing the steam to escape into the atmos- 
phere ; the water was measured in by hand with a two-gallon 
spirit pleasure. 
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oihera in TiUe 31, which giTes a general Tiew of the pi^ceding ex* 

perimentaliesaltB; weha^e added in tiie third oolnnin theqoui- 

tity of fael required per horae-power, taking that to be equal to a 

cubic foot of water e^apoorated to steam, which is a good general 

practical rule. The quantity of heat required to raise the t»ii« 

peratuie of water from 60^, and to CTapoiate it is by (8) equal 

to 1178 - 60^ == 1118 units per pound, or 1118 x 62*32 = 

69674 units per cubic foot ; thus in the case of Newcastle coal« 

69674 
we have ooqq = 8*46 lbs. of coal per cubic foot of water, as 

per Table 31, and it is the same at all temperatures. 
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(i9.) "Air required fo mjipori Combuttion." — A knowledge of 
llie qviantity of air neceesory for diSerent combnatibles is 

important, in order to dotermine the sizes of fines, &c. 

(50.) We have seen in (23) that carbonic acid is composed of 
■2727 carbon, and -7273 oiygen ; and aa atmospheric air is 
oompoeed of two equivalents (or 360) of nitrogen; and one 
equivalent (or 100) of oiygen, it follows that one pound of air 



of , 



100 



360 



' 350 + 100 = '222 lbs. of oxygen, and ggg^TTOO 
= '778 lbs. of nitrogen. A pound of carbon will require 
•'9797 =2-67 lbs. of oxygen, which is the amount con- 
; and as a cubic foot of air 

at 62° weighs, by Table 19, -0761 lbs., this is equal to t^^-j- 
= 158 cnbic feet of common air at ordinary temperatures. 
Tiis in the minimum amount necessary for the combustion of a 
pound of carbon. 
(51.) Water being composed of *111 hydrogen and -889 
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*889 
oxygen, one pound of hydrogen requires Tfyt = 3 lbs. of 

g 
oxygen, wliicli is the amount contained in 7^00 = 36 lbs., or 

rrrjuT = 473 cubic feet of common air at 62°, and this is the 

minimum amount necessary for the combustion of a pound of 
hydrogen. 

(52.) From these elements we can easily calculate the 
quantity of air required for any combustible whose composition 
is known. 

(53.) The average composition of coal is given by Table 29 
at *812 carbon, and *048 hydrogen, which last is, by (28), re- 
duced to *041 hydrogen in excess, and we shall require (812 
X 158) + (-041 X 473) = 147-6 cubic feet of air at 62°. 

(54.) Coke, by Table 29, contains •85 carbon, and will 
require -85 x 158 = 134-3 cubic feet of air at 62° per 
pound. 

(55.) Wood perfectly dried by artificial means, contains *51 
carbon, and will require *51 x 158 =80*5 cubic feet of air at 
62° per pound. 

(56.) Wood in its ordinary state of dryness contains, by 
Table 29, about 20 per cent, of water, and the carbon is thereby 
reduced to '408 per pound of wood, which will require '408 
X 158 = 64*5 cubic feet of air per pound. 

(57.) Charcoal, of wood, contains '93 carbon, which will 
require • 93 x 158 = 147 cubic feet of air at 62° per pound. 

(58.) Feat, perfectly dried by artificial means, contains * 58 

carbon, '06 hydrogen, and -31 oxygen. The oxygen will com- 

•31 
bine with ^th of its weight of hydrogen, or ^ = '04, leaving 

• 06 — • 04 = • 02 hydrogen in esccestt, and the air required will 
be (-58 X 158) + (-02 x 473) = 101-1 cubic feet of air at 
62° per pound of dry peat. 

(59.) Feat, in its ordinary state of dryness, produced by long 

exposure to the air, contains 20 per cent, of water, and its 

carbon is reduced to *464, the hydrogen to -048, and oxygen to 

•248. The oxygen will combine witii ^th of its own weight of 

•248 
hydrogen, or -g- = -031, leaving thus -048 - -031 = -017 

Jiydrogen tn excess, and the air required will be (*464 x 163) 
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+ (-017 X 473) := 81-3 cubic feet of air at 62° per poun^ of 
ordmary peat. 

^60.) The quantities of air, as found by tbe preceding oa}qu- 
lations, is the minimum absolutely necessary to furnish tbe 
oxygen required to support the combustion. Practice has led 
to the use of a much larger quantity of air than the theory 
indicates, the reason being, no doubt, to avoid the formatioQ of 
carbonic oxyde instead of carbonic acid, which would be fbo 
result if the supply of oxygen were too small, see (109)* 
Analyses of the air that has passed through the fires of i^cll* 
arranged steam-boilers, &c., show that the air retains 10 per 
cent, of oxygen unconsumed, so that in such cases double iho 
quantity of air, has been used; and we may admit as a practioal 
rule, that the quantity of air used should be double the minimum 
theoretical quantity. The effect of varying the quantity of air 
on the useful result will be seen by (101). 

THE VOLUMB OF GAS, &G., PBODUGED BY THE I>IFFEB|||rT 

COMBUSTIBLES. 

(61.) If combustibles were formed of pure carbon, (Jie only 
product would be carbonic acid: this is the. case ^vfth some 
kinds of fuel, such as charcoal and coke. When a combustible 
contains hydrogen, it combines with 8 times its own weight of 
oxygen, derived from the ^oxygen in the fuel, or from the air 
which supports the combustion; in either -case water is formed, 
which again becomes vapour, 

(62.) "When a combustible contains water already formed, 
and with which it is more or less saturated, vapour is formed 
from it, and is added to the products of combustion. 

By (col. 6) in Table 32 we find that a pound of vapour of 
water at ordinary atmospheric temperature and pressure has a 
volume of 21*07 cubic feet. Carbonic acid gas occupies 8 '59 
cubic feet, and oxygen 11*88 cubic feet. When oxygen and 
carbon combine, the volume of the carbonic acid gas is nearly the 
same as that of the oxygen from which it is formed; we have 
^een (23) that a poimd of carbonic acid gas contains * 7273 lb. 
of oxygen, which will have a volume of '7273 x 11*88 = 8*64 
cubic feet, being nearly the same as the volume of the carbonic 
acid gas formed, which, as we have seen, is 8*59 cubic feet ; so 
that when a combustible contains carbon only, the volume of 
gas in the chimney is the same as the volume of air entering 
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Tabu; 82. — Of tbe Dehbitt of Gases and YAroirBs, Air at tbe eaine 
Temperature and FresBiire being 1*0; also the We^bt oFs Cubic foot 
at 62°, under Bn Atmospheric Pressure of 20*92 inches of Mercury, 
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the fire expanded to the volume due to tbe increased tempera- 
ture, for the nitrogen in the air passes throaeb the fire without 
alteration, and the oxygen conBumed is replaced l>f the some 
volume of carbonic acid gas. 

(63.) By Table 58 (col. 11) one pound of water forma 1135 
cubic feet of vapour, but that is at its own normal pressure of 
*fi56 inches of mercury: say we had a closed room or vessel 
containing 1135 cubic feet of dry air at 62° and at 30 barometer 
jn^ssure, a pound of water would become vapottr andjust sufBce 
to saturate it, tbe pressure increasing to 30 + ' 666 = 30' 556 
incbes of mercury. By enlarging tbe vessel, wo can again 
reduce the pressure to 20, and tbe volume required for that is — 

~ 5q; = 1156 cubic feet Tbe volume of ain has 

tberefore been increased 1156 — 1135 = 21 cubic feet by tbo 
addition of one pound of watec converted to vapour ; and u llie 
volume of air bad been greater, tbe increase in volume would 
have been the same ; thus if the volume of dry air had been ten 
times greater, or 11350 cubic feet, the poimd of water would 
have fiUod it with vapour, but the tension of that vapour would 
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have been -^j^ only of tlie maximum tension, or *0556 inch of 
mercury, and the volume at 30 would become — 

■ q7^ = 11371 cubic feet, 

being an increase of 11371 — 11350 = 21 cubic feet as before. 

(64.) In most cases the temperature of the air in the chim- 
neys of steam-boilers is about 650° (93), at which the volume of 
air by Table 19 is double the volume at 62°; and allowing, as 
in (60), that the oxygen should be only half consumed, and a 
double quantity allowed f(^ good combustion, we have the 
following results : — 

(^65.) Coke, by (54), requires 134*3 cubic fe6t of air theo- 
retically, which becomes 134 -3x2x2 = 537 cubic feet in 
the chimney at 550°. 

m.) Charcoal gives 147 x 2 x 2 = 588 cubic feet at 550°. 
Coke and charcoal contain only carbon, as per Table 29, and 
the product of combustion is carbonic acid, gas only. 

(67.) Coals contain, besides • 812 carbon, • 048 of hydrogen, 
which will combine with -048 X 8 = '384 of oxygen (of which 
*054 is derived from the combustible itself, and the rest from 
the air passing through the fire), producing '048 -f- '384 = '432 
water, which again becomes • 432 x 21 • 07 = 9 • 1 cubic feet of 
vapour ; and we have altogether (147 * 6 x 2) + (9 * 1) X 2 = 
608 * 6 cubic feet in the chimney, at 550° per poimd of coal. 

(68.) Wood perfectly dry contains '47 of hydrogen and oxygen 
in the proper proportion for forming water, which becomes ' 47 
X 21 • 07 = 9 • 9 cubic feet of vapour, and we have (80 -5x2) 
+ (9 • 9) X 2 = 341 • 8 cubic feet of air, &c., at 550°. 

(69.) Wood in the ordinary state of dryness contains '20 
water, and hydrogen and oxygen forming during combustion 
•376 water more ; and the two together will form ('20 + '376) 
X 21 • 07 = 12 • 1 cubic feet of vapour ; and we have (64 '5x2)-!- 
(12- 1) X 2 = 282 -2 cubic feet of air at 550° per lb. 

(70.) Peat, perfectly dry, contains "06 hydrogen, which, com- 
bining with -06 X 8 = -48 oxygen, will form '06 + '48 = -54 
water, which again becomes '54 x 21*07 = 11*3 cubic feet of 
vapour ; and we have (101*1 x 2) + (11*3) x 2 = 427 cubic 
feet of air at 550°. 

(71.) Peat in the ordinary state of dryness contains '048 of 
hydrogen, which, combining with • 048 x 8 = • 384 of oxygen, 
will form :048 + • 384 = * 432 water, which, added to the • 20 in 



MODES OF GIYIKG OUT HEAT. 45 

the fiiel, = -432 + '20 = -632 water, becomes -632 x 20-07 
= 13*8 cubic feet of vapour; and we have (81*3 x 2) -f- 
(13'3) X 2 = 352 cubic feet of air and vapour at 550°. 



OK THE MODES IN WHICH COMBUSTIBLES YIELD THEIB HEAT 
UNDEB DIFFERENT GIBGUMSTANOES, &0. 

(72.) To illustrate the way in which combustibles give out 
their heat, we will take the case shown by Fig. 1 of a ball heated 
to say 600% and placed in a room or vessel whose walls are 
maintained at 100°, and let the space enclosed be a vacuum. 
Then the ball will give out its heat to the walls entirely by 
radicUion, and will continue to do so till it is reduced to the 
same temperature as those walls. 

(73.) Now take another case, represented by Fig. 2, in which 
a ball heated to 600° is placed in a room, whose walls have the 
same temperature as itself; and let air at say 100° be admitted 
at A and allowed to escape at B, becoming heated in its passage 
by contact with the ball and the walls, and cooling them con- 
tinuously and simultaneously, until both are reduced to its own 
temperature. Here we have a case in which all the heat of the 
ball is given out by contact of cold air, and none by radiation, 
because the walls have throughout the same temperature as the 
baU. 

(74.) To complete our illustrations, let Fig. 3 represent a 
case in which the heat of the ball is carried oft* by both causes. 
Say the ball is heated to 600°, while the walls are at 300° and 
the air at 100°; here part of the heat will be given out by 
radiation to the walls, as in our first illustration, and part to the 
cold air passing through the room, as in our second illustration. 

(75.) Applying all this to combustibles, we find the case 
shown by Fig.:l and (72) impossible, inasmuch as air is abso- 
lutely necessary to support combustion; but the other two cases 
are practicable. 

(76.) Let Fig. 4 be a furnace constructed of fire-brick, which 
for the purpose of illustration we may suppose to be a perfect 
non-conductor of heat, so that its interior surface will have the 
same temperature as the fire, and we have a case analogous to 
Fig. 2 (73); no heat will be given out by radiation, but the 
whole of the caloric yielded by the fuel will be carried off by 
the air supporting the combustion. This air will be heated to a 
temperature varying with the volume of air admitted and the 
heating power of the fuel. 
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(7? A Supposing that the fuel used was coal, one pound of 
coal j^ilds 13,000 units of heat (28), and requires 147*6 cubic 
feet oi %it (63) at 62°; and allowing double, as per (60), we 
have 14t' 6 x 2 = 295 cubic feet, or 22 '44 lbs. of air per pound 
of coal. Thus a pound of coal will heat a pound of water 13000 
degrees | And as the specific heat of air by Eegnault*s experi- 
ments id ^ B88, an equal weight of water being 1, it follows that 

a pound of coal will heat a pound of air = 54600°;^ 

and as wd htve 22*44 pounds of air to carry off this heat, the 

increase ot temperature will be ^^ , , = 2434°, and as the air 

22*44 

enters the 1^ at 62°, it must depart at 62° + 2434° = 2496°. 

(78.) We AHumed, for the purpose of illustration, that the fire- 
brick of which the furnace was constructed was a perfect non- 
conductor, whtoh is not a fact — ^a considerable portion of the 
heat will be trt^lltmitted to the outer surface, and dissipated by 
radiation there* 

Allowing thai lO per cent, of the heat is dissipated by radia- 
tion, &c., in the (Muse Fig. 4, the heat carried off by the air is 
reduced to 13000 K '9 = 11700 units, and the temperature of 
the air to (2434° x ' 9) + 62 = 2262°. The other kinds of fuel, 
yielding their respMtiye quantities of heat to the air required 
for their combustioii^Will give different temperatures to that air 
as per (col. 11), TabM 83, allowing throughout 10 per cent, for 
loss by radiation. 

(79.) The temperatttM of the air will also vary with the 
volume admitted : in th« case we have investigated the oxygen 
was half consumed. Tabl% 84 gives the variation of temperature 
for coal with different vdutties of air. 



Table 84.— Of the Temperature of the Am from a Fire-brick 
Furnace, showing the effect of using different volumes of Air. 



state of the 
Oxygen. 


Cubic 
feet 


lbs.. 


Increase 
of Temp. 


Temp, of 
Atmosphere. 


Temp, of Air 

as it If^aves 

the Fire. 


Half burnt 
Qnnrtor burnt . . 
One-fifth burnt . . 


295 = 22*44 
690 = 44-88 
737 = 56*10 


2190 + 62 = 2252 
1095 + 62 = 1157 

era + 62 = 933 
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(80.) It should be observed that the qnantity of air cannot be 
reduced below a certain amount, for obviously the temperature 
of the air cannot be higher than the temperature of the fire 
itself. Now the temperature of a fire at white heat, according 
to Pouillet's Table 25, is 2370° ; a cubic foot of air heated from 
62° to 2370° requires -0761 x (2370 - 62) x -238 = 41-8 
unita of heat ; and the least quantity of air to carry off 11700 

units is "TiTq' = 280 cubic feet. 

(81.) We will now investigate the phenomena of combustion 
in cases analogous to Il^ig. 3, where the fuel is more or less sur- 
rounded by surfaces of low temperature which absorb the radiant 
heat. By studying our three illustrations, it vdll be evident 
that the amount radiated will vary with the temperature of the 
absorbing surface, for if , as in Fig. 2, the walls were of the same 
temperature as the fire, no radiant heat would be given out or re- 
ceived, and generally the lower the temperature ($ the absorbent, 
the more radiant heat would be received by it. 



THE BADIATING POWER OF COMBUSTIBLSS. 

(82.) Peclet's apparatus for ascertaining the radiating power 
of combustibles is shown in Fig. 5 : it consisted of an annular 
vessel of tin plate, the interval between the two cylinders being 
filled with water, the temperature of which was given by two 
thermometers with long bulbs, whose stems pass through corks. 
The internal cylinder was open at both ends, its surface was 
coated with lamp-black, and in its centre was suspended a cage 
of wire containing the fuel. In using this apparatus a given 
weight of fuel in a state of ignition is introduced and consumed, 
the radiant heat and that alone is absorbed, and raises the tem- 
perature of the water and the vessel itself : knowing the weight 
of the water, and of the vessel, also the increase of temperature 
with a given weight of fuel, we can calculate the heat given out 
by radiation. But a correction is necessary here, for evidently 
with this form of apparatus we only obtain part of the heat 
radiated, because radiation takes place equally in all directions^ 
and part of it must escape by the open ends of the cylinder, and 
be lost. In Peclet's apparatus the internal cylinder was 8 inches 
diameter and 12 inches high, and the ratio of the total radiant 
heat to the portion absorbed was in that case as 1 * 2 to 1, as 
shown by the following investigation. 
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(83.) The principles on wliicli this correction is made are 
illustrated by Fig. 6, in wldcli A is the radiant body, say at 600^, 
placed in the centre of a hollow sphere, C D E F, at 100°. The 
body, A, will send out radiant heat equally in all directions^ 
which will be absorbed by the sphere, but if two segments, C D 
and E F, be cut out and removed, the radiant heat that would 
have fallen on them passes out into the atmosphere and is lost ; 
but knowing the proportion which those two segments bear to 
the whole sphere, we can estimate the amount lost by their 
removal. The rules of mensuration show that the surface of 
any sphere or segment of a sphere, is given by multiplying the 
circumference of the sphere by the diameter, or by the height of 
the segment. The distances C E and C D are given, in our case 
12 in. and 8 in. respectively, and the angle C E F being a right 
angle, we get the diameter C F of the circumscribing sphere 

= V 12* + ^* = 14*4 inches or 45*2 inches circumference, and 
45 • 2 X 14 • 4 = 650 total surface. The area of the two segments 
is 45 •2x1-2x2 = 108, leaving in the apparatus 650 - 108 

= 542 square inches to absorb the heat, the ratio of which to 

650 
the surface of the whole sphere is vjo = 1 * 2 to 1. 

(84.) With this apparatus the weight of water was 23 • 84 lbs., 
and the vessel itself which was made of tin plate weighed 4 ' 9 lbs. 
The combustion of * 1232 lbs. of wood charcoal raised the tem- 
perature 25° -2, the water received 23 84 x 25-2 = 600-7 units 
of heat, and the vessel whose specific heat (2) was '11 received 
4-9 X 25-2 X -11 = 13-6 units, altogether 600*7 + 13-6 = 
614 * 3 units, which with a completely surrounding surface would 

737 
have been 614-3 x 1*2 = 737 units, or TJ232 = ^^^^ ^^** 

per pound of fuel, and the total heating power being as we have 

shown (29) 12000 units, the radiant heat is vonoo ~ '^ nearly, 

so that 50 per cent is given out by radiation, and 50 per cent to 
the air passing through the fuel. 

(85.) The temperature of the ignited fuel would be about 
2200°, and the rnean temperature of the absorbing suifuce being 
70° in the above experiment, the difference of temperature was 
2200 — 70 = 2130°, whereas if the absorbing surface had been 
at 300°, as in high pressure steam-boilers, the difference would 
have been 2200 - 300 = 1900° and the heat lost by radiatioB 

E 
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_ _ . _ 5983 X 1900 ^^_ .^ .... 5337 
would nave been oTon ~ nnits wnicn is Torjoo = 

'445, or say 45 per cent of the heat in the fuel, leaying 55 per 
cent, to pass off in the air. 

(86.) In another experiment with oak wood, made with the 
same apparatus, '2145 lbs. of wood raised 23* 84 lbs. of water 
and 4- 9 lbs. of tin plate 9°, which is equal to 

23-84+(4 9x-ll)x9xl-2 ^ jg^S nmts per pound, 

•2145 ^ 

and the total heating power of ordinary wood being (29) as 

1228 
we have shown 5265 units, the radiant heat is -^j— ^ = • 233 — 

say 23, per cent. ; leaving 77 per cent, to pass off with the air. 

(87.) In another experiment with peat charcoal, by the com- 
bustion of ' 0858 lbs. of fuel the temperature was raised 15^ 3, 
wHch is equal to 23-84 + (4-9 xai) X 15-3 X 1-2 ^ ^^j, 

•0858 
units per pound, and as the total heating power is by (30) 10557 

units, the radiant heat is =-^,71^= = '5 nearly, or 50 per cent of 

10557 ^ 

the total heat; leaving 50 per cent, to heat the air. Feclet 

estimates the radiant power of peat itself to be 50 per cent, also, 

the same as peat charcoal. 

(88.) The radiant power of coal, coke, &c., could not be 
satisfactorily determined by this apparatus, from the dif&culty 
of keeping a small quantity of fuel ignited ; but by comparison 
Peclet estimates them as rather more than wood charcoal, which 
we found to be 45 per cent. (85) ; we may therefore estimate 
the radiant power of coal and coke at 60 per cent. 

(89.) We have shown (77) that the air leaving a fire of coals, 
when aU loss by radiation was avoided, had the temperature of 
2496° ; but when 10 per cent, was radiated the temperature was 
reduced to 2252°. When the fire is surrounded by cool surfaces 
50 per cent, is radiated, and the temperature of the air is greatly 
reduced, the same weight having to receive only half the 
amount of heat. In the case of coals, the air leaves the fire at 

13000 X '5 , g2o ^ 1279° ; with wood in the ordinary state 
22 44 X -238^ ^ 

of dryness, n^g^y ^ .' IL + ^2° = 1797° ; and so on with the 
rest. 
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Table 33 gives a general and collected statement of the &ct8 
arrived at in the foregoing investigations. 

(90.) We may now apply all this to the case of a steam 
boiler, &c. We may assume that with ordinary firing about 
5 per cent, more of the combustible matter in the fuel falls 
tinconsumed from the grate, than in the experiments from which 
.the data are derived, the useful heat being reduced to 13000 x 
* 95 = 12350 units ; we will also assume that each pound of 
coals requ'res 300 cubic feet, or 22 * 83 lbs. of air at 62^. 

(91.) Let Fig. 7 be a boiler or fire-box — not of a practical 
form, but such as to serve for the illustration of the case in which 
the fire being completely surrounded by an absorbing surface, 
will lose none of its radiant heat. In such a case 50 per cent, 
of the total heat in the fuel will be given out by radiation, and 
50 per cent, to the air by which the combustion is supported ; 
the first, or 6175 units, is absorbed by the side, &c., of the fire-box, 
and 6175 units pass off with the air into the chimney and is lost. 
The temperature of the air as it departs may be found as before; 
the heat carried off by it would heat one pound of water 6175% 

therefore a pound of air, ^^^ = 25950°, and as we have 



238 
22 * 83 lbs. of air the increase of temperature will be 



25950 
22-83 



1138°, and the final temperature 1138° -j- 62° = 1200°. 

(92.) This temperature will vary with the quantity of air 
admitted, as is shown by Table 35. 

Table 85. — Of the Effect of Different Volumes of Aib in Steam- 
boiler Furnaces. 



state of the Oxygen. 


Cabio 
feet. 


Founds. 


Increase of 
Temp. 


Temp, of 
Atmusphere. 


Temp, of Air 

as it Ipaves 

the Fire. 


Half burnt 
Quarter burnt . . 
One-fif til burut . . 


300 = 22-83 
600 = 45-66 
750 = 57-00 


1138 + 62 = 1200 
568 + 62 = 630 
455 + 62 = 517 



(93.) We have seen that a boiler like Fig. 7, in which the 
air escapes immediately out of the furnace, 50 per cent, of the 
heat in the fuel is lost. -Part of this may be recovered by 
causing the heated air to pass in contact with the surface of the 
boiled, through a long circuit, on its way to the chimney. In 
Fig, 8 we have & fir^hox as^ in Fig. 7, and, for the purpose of 

B 2 
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illustration, we will suppose the boiler to have no return flue, 
but to be of great length, with the chimney at the end. It is 
found by observation of well-arranged boilers, that the air 
passes into the chiinney at about 550P, — a high temperature is 
necessary to obtain the proper draught, as will appear hereafter 
(166) ; we have seen that as it leaves the fire-box it is at 1200% 
while from end to end the absorbing surface in the case of a 
high-pressure boiler is at 300^. 

(94.) The amount of heat abstracted from the air at each 
point will be in proportion to the difference between the tem- 
perature of the air at that point and the temperature of the 
boiler ; at the fire-box end the diflference is 1200° - 300° = 
900°, while at the chimney end it is only 650° « 300° = 250°. 
Say we assume that one-tenth of this difference of temperature 
is parted with from point to point throughout, then the first 
difference being 900°, one-tenth of that is 90°, and the next 
point will have a temperature of 1200^ - 90° = 1110°. The 
difference is now, therefore, 1110° - 300° = 810° and the tem- 

810 
perature of the second point will be 1110° — -y^- = 1029°, and 

thus we have calculated the successive temperatures in Fig. 8. 

(95.) The air departing into the chimney at the high tem- 
perature of 552°, carries off a considerable amount of heat, 
namely the amount required to heat 22 * 83 pounds of air 490° 
(or 552° - 62°); and this is equal to 22-83 x 490 x 238 = 
2663 units, or about 20 per cent, of the total heat in the coals. 

(96.) There is also another source of loss of heat, namely by 
radiation and contact of cold air with the outside of the boiler 
and its brickwork, whereby the boiler-house is kept at a high 
temperature. The loss from this cause will vary very greatly 
with the greater or less exposure, &c. ; but for ordinary Cornish 
boilers, set in brickwork in the usual way in a closed boiler- 
house, we may take this loss at 12 per cent. Collecting these 
results we have the total heat in one pound of coal (13,000 units) 
distributed as shown by Table 36. 

Table 36. — Of the Distribution of the Heat in One Pound of 
Coals, by an ordinary Boiler, with internal fire. 

In Ashes, left unbumt 13000 x 5%= 650 nnita. 

Lost by Air in Chimney 13000 x 20% = 2600 , . 

Lost by Radiation, &c., in Boiler-house .. 13000 x 12% = 1560 
Utilized in production of Steam . . . . 13000 x 63 % = 8190 



* » 



Total 13000 



t • 
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(97.) ''Efficiency of Long and Short Boilers:'— We have 
stated (93) that a high temperatore of the air in the chimney 
is necessary in order to ohtain a good draught ; but if it were 
not so, an extreme length of boiler would be necessary to secure 
even a small portion of the heat wasted. Say we doubled the 
length of our boiler, Fig. 8, continuing the calculation of the 
successive temperatures, we obtain the series given by Fig. 9. 
The heat lost by the chimney in this case would be the amount 
necessary to heat 22 • 83 lbs. of air 307° (or 369° - 62°), or 
22-83 X 307 x -238 = 1668 units. With the ordinary length 
of boiler the loss from the same cause was (95) 2663 units ; so 
that by dovbling the length we obtain 2663 - 1668 = 995 units 
only, or 12 per cent, increase on the useful effect (8190 units). 

(98.) But even this would not be realized. In Table 36 we 
have allowed 1560 units as the loss in the boiler-house, &c., by 
a boiler of ordinary length : with double the length, the loss 
from the same cause would be greater, and would dissipate much 
of the extra heat obtained by the extra length. Indeed, it is 
obvious that beyond a certain point we should, by increasing 
the length, lose more from one cause than we should gain from 
the other. If we assume that in a boiler of ordinary length one 
half of the loss by radiation, &c., is due to the exposed front and 
furnace, and the other half to the body of the boHer, we shall be 
conducted to the results shown by Table 37. 



Table 87. — Of the Heat Lost by Long and Shobt Boilers, &c. 



Proper- Tempen- 
tional ture of 

lengtbof Airinthe 
Builer. Chimney 



i 
1 

2 



O 

778 
648 
552 
432 
369 



Heat lost 
by Air 


Heat lost by Radiation, &c 


Left 

in the 


Heat 


Ratio of 


Gain or 








I^IRW 


in 
Chimney. 


Front, &c. 


By 
Body. 


TotaL 


Ashes. 


utilized. 


Economy. 


percent. 


Units. 


Units. Units. Units. 


Units. 


Units. 






3890 


780 + 390 = 1170 


650 


7290 


897 


-10-3 


3184 


780 4- 585 = 1365 


65U 


7802 


960 


- 40 


2663 


780 + 780 = 1560 


650 


8127 


1000 


00 


2010 


780 + 1170 = 1950 


650 


8390 


1032 


+ 3-2 


1668 


780 + 


1560 = 


2340 


650 


8342 


1026 


-f 2-6 



This would show that by reducing the boiler to half the usual 
length we should only lose 10 per cent. ; one, half as long again 
as usual, would give only 3 * 2 per cent, more useful heat ; and 
by increasing the length to double we should actually lose rather 
than gain. These results are not given as absolutely correct. 
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but will at least serve to show approximately tlie relative effect 
of long and short boilers. 

(99.) We have so far supposed that a certain fixed quantity of 
fuel was used with a certain fixed volume of air, but with a 
powerful chimney and a regulated draught, the velocity of the 
current of air might be so adjusted that the volume was, say, 
reduced to one half or doubled, &c., &c. Say we admit a double 
volume, producing in our case a double velocity, if a double 
quantity of coals were burnt in the same time, we should have 
the common case of a fire forced beyond its proper intensity; if, 
on the other hand, the quantity of fuel was not increased, then 
twice the necessary quantity of air would be used. In both 
cases a loss of useful effect would ensue, the amount of which 
we will proceed to investigate. 

(100.) " Effect of Forced Firing:*— Takmg the first case of a 
forced fire, and referring again to Fig. 8, we shall observe that 
with double velocity, the air which in a given time moved half 
the length of the boiler from A to B, will in our new case have 
moved from A to C ; and as the amount of heat lost by it is a 
question of time, it follows that instead of being reduced to 552^, 
as at C, it will be reduced to 778° only, as at B, and will pass off 
into the chimney at this last temperature, bearing off with it 
778° — 652° = 226° more heat than in the former case ; so that 
by forced firing we lose for each pound of coal 226 x 22*83 x 
•238 =1228 units of heat; and as with ordinary firing we 
obtained 8190 imits (Table 36), we now obtain only 8190 — 
1228 = 6962 units, showing a loss of nearly 15 per cent, by 
forcing the fire to the extent of a double consumption of fuel. 

(101.) ^^Effectqftoo much Air," — When more air is used than 
is necessary to effect the proper combustion, a great loss occurs. 
We shall have as before 6175 units given out by radiation to the 
fire-box surrounding the fuel, and 6175 units to be carried off 
by the air ; but, instead of 22 • 83 lbs. of air per lb. of coal, we 
shall now have 45 • 66 lbs. of air, its temperature will therefore 

be raised .^ .- -— r = 669°, and the atmospheric tem- 

45 '66 X '238 

perature being 62°, it wiU leave the fire at 669°+ 62° = 631° 

instead of 1200°. Then, calculating as before with Fig. 8 and 

(94), we have 631° - 300° = 331 for the first difference, and 

331 

-— - = 33 for the decrease between the first and second points, 

10 ^ ' 

the second point will therefore be 631° — 33° = 698°, &c., &c. ; 



k 
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and thus we obtain the series of numbers in Fig. 10. It 
will be observed that as the velocity is double, the distances 
between point and point will be doubled, and the air will pass 
into the chimney at 475°, or 475° - 62° = 413° above the tem- 
perature of the atmosphere ; and the amount of heat lost thereby 
will be 45 • 66 X 413 X ' 238 = 4488 units, and we have- 
In ashes left unbumt 650 units. 

Lost by air in chimney 4488 „ 

Ditto by radiation, &c., in boiler-house . . 1560 „ 
Utilized in production of steam .. .. 6302 „ 

13000 „ 



With the proper quantity of air, 8190 units were utilized per 
lb. of coal (Table 36), whereas now we have only 6302 units, 
showing a loss of 23 per cent, of useful effect, by the admission 
of double the necessary quantity of air. 

(102.) This is a fruitful source of loss of fuel in very many 
cases : an ignorant stoker delights in a roaring fire and sharp 
draught, unconscious of the loss of fuel incurred ; in all cases 
the damper should be regulated so as to produce a moderate 
draught, and this is especially important where there is a tall or 
powerful chimney. 

(103.) " Effect of too little Air'* — Care must be taken on the 
other hand not to curtail the supply of air too much, as in that 
case also a great loss would arise from the formation of carbonic 
oxyde instead of carbonic add ; carbonic oxyde being formed of 
one equivalent of carbon and one oxygen, whereas carbonic acid 
is formed of carbon 1 and oxygen 2. 

The experiments of Favre and Silbermann in Table 30 show 
that a pound of carbon burning to carbonic oxyde yields only 
4453 units of heat, whereas it would yield 12906 units in burn- 
ing to carbonic acid by the experiments of Dulong. The coal 
we have been considering (28), which is composed of • 812 ciarbon 
and • 041 hydrogen in exccSs, will give — 

In carbon burning to carbonic oxyde • 812 x 4453 = 3616 units. 
„ hydrogen in excess to water -041 x 62535 = 2564 „ 

6l80 „ 
The same coal with a proper quantity of oxygen (28) gave 
13044 units, we have therefore in our case only vt^vt^ = '46, or 
46 per cent, of the available heat which the fuel could supply- 
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(104.) We have liere taken an extreme case, the quantity of 
air being only haK the amount absolutely necessary for proper 
combustion, and by (60) Jth of the amount usually consumed in 
well-regulated furnaces. Where the air is curtailed, but to a 
less degree, part of the carbon will be tranformed into carbonic 
acid, and part into carbonic oxyde, and the result will be inter- 
mediate between the extremes we have given. Say we have 
1^ oxygen to 1 carbon ; in that case they will still combine only 
in the proper proportions to form one or other of the two pro- 
ducts, tiiat is to say, 1 to 1, or 1 to 2, but they may arrange 
themselves thus: we have IJ oxygen which will divide itself 
into two unequal portions, 1 oxygen combining with J carbon, 
forming 1^ carbonic acid, anil ^ oxygen combining with J carbon 
forming 1 carbonic oxyde, and in that case the coals we have 
considered would give — 

In carbon burning to carbonic acid '406 x 12906 = 5240 units. 

„ oxyde -406 x 4453 = 1808 „ 
„ hydrogen „ water ' 041 x 62535 = 2564 „ 

9612 „ 



9612 
In this case we should have therefore ToaTY^ '73, or 73 per 

cent, of the heat due to the best condition with the proper 
quantity of air. 

(105 i) This will explain the anomalous fact that where there 
is a bad draught, not only is there dif&culty in keeping up the 
steam, &c., but that there is a great consumption of fuel for 
the work done ; it might be expected that with a slow dull fire 
few coals would be burnt, or if by dint of forcing, fuel was 
largely consumed, it must yield the heat due to it, but it will 
be evident that it is possible for there to be a dull fire, a large 
consumption of fuel, and little useful result at one and the same 
time, and all this arising from insufficient draught. 

(106.) It will also be seen that in every case the proper 
regulation of the damper is a matter of extreme importance, and 
that nice adjustment is necessary to produce the best efiect, too 
much or too little air causing a great loss of fuel ; an intelligent 
stoker, without any knowledge of the theory, finds by experience 
the height of damper with which he can do the work with least 
fuel; if the work varies he watches and adjusts the damper 
accordingly, and such a man should have more consideration 
and better wages than he usually receives. 



ON 8TEAM-B0ILEBS. 57 



CHAPTER III. 

ON STEAM-BOILEBS. 

Having in the preceding chapter investigated the phenomena of 
combustion, &c,, we may apply the results to steam-boilers in 
practice, checking and, if needs be, modifying our deductions by 
the dictates of experience. We found in (98) that in all cases the 
most economical size of boiler was a medium one, and that a 
departure therefrom in either direction was followed by a loss 
of effect, an excessively long and a very short boiler giving less 
duty for the fuel used than a medium-sized one, properly pro- 
portioned to the work to be done. 

(108.) When heated air is in contact with a surface much 
colder than itself, the amount of heat given out is not only a 
question of time, but also of position, of the receiving surface. 
Let A, Fig. 16, be a square vessel full of cold water, and let 
heated air pass along the four flues B C D E ; the four siuv 
faces F G H J will absorb very different quantities of heat, 
although they are all of the same area, <&c. The smrface F will 
receive the most, for two reasons : the hottest of the heated air 
will occupy the upper portion of the flue, in immediate contact 
with the bottom of the boiler; and the water when heated 
becomes lighter there, and immediately ascends, and is replaced 
by colder water ; and so the heat received is rapidly distributed 
through the mass of the water. But the surface H is in the worst 
possible position, for if the water in contact with it is heated, it 
becomes lighter and remains persistently in contact with the 
8ur&ce, refusing to communicate heat downwards; thus it has 
been found by experiment that alcohol or turpentine, &c., suffi- 
cient to boil a given mass of water, may be ignited and burnt 
when floating on the surface of the water without increasing its 
temperature 1°. We may therefore admit that the surface H 
is useless, receiving no heat whatever. The surfaces G and J 
axe in an intermediate position, and we may assume that they 
absorb a quantity of heat, a mean between F and H, or 

— ^- — = ^ ; the whole boiler therefore receives only half the 
2 

amount of heat that it would have received if its whole surface 

had been as effective as F. We have thus to consider, not only 

the real surface of a boiler, but the effective surfnce, in estimating 

the result to be obtained. 
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(109.) Tn Fig. 17 we have an octagonal boiler, and by the 
same principles we find that if the sur&ce F absorbs an amount 
of heat represented by 1, B will receive 0, and C D E the 
respective quantities ^,.^, and |, as in the figure. 

(110.) Let Fig. 18 be a cylindrical boiler filled with water 
for illustration, as before, we have the effective surface repre- 
sented by a series of numbers, as in the figure from at A to 
1 at B, &c, ; and in all the three forms it will be seen that the 
effective surface is half the real surface where the whole is 
exposed to the heated air. 

(111.) In an internal flue, as Fig. 19, the same series of 
numbers occur, but in inverted order, the most effective surface 
being at the top, decreasing to at the bottom as in the figure. 

(112.) With cylindrical boilers, heated outside, the lower half 
of the cylinder only is usually made available as in Fig. 19, in 

which case the effective surface is (Fig. 18) r "jr = f of the 

real surface exposed to the heated air, but where the whole 
surface is exposed, as in flues heated internally, the effective 
surface is half the real, as we have seen (HO). 

(113.) In determining the area necessary for doing a given 
amoimt of work, we must be guided by practical experience. 
There is great latitude here, for we have seen by (100) that a 
boiler, nominally of a certain power, may be forced up to double 
or more, with a certain loss of economy ; and also that a slight 
increase of efficiency may be obtained by a great increase in 
size, up to a certain point. Besides, the area necessary per 
horse-power, &c., varies somewhat with the size of the boiler ; 
a small boiler is not so effective in proportion to the area as a 
large one (see 98), the loss by radiation, &c., being much greater 
in proportion to the power. 

It is found by experience that a 4-horse boiler requires 
about 18 effective square feet of surface per horse-power ; 10- 
horse, about 14 square feet ; 20-horse, about 12 ; and 50-horse, 
about 11. The best rule we can give is an empirical one, 
H -h ( >nS. X 2 • 5) X 8 = A, in which H = the horse-power, and 
A = the effective area of the boiler in square feet. Table 38 is 
calculated by this rule. 

(114.) The term horse-power is so indefinite that it is pre- 
ferable to estimate the power of a boiler by the cubic feet of 
water evaporated to steam per hour ; but fortunately, a common 
high-pressure engine of fair size, working without expansion. 



&OBSS-POWEB OF BOILEBS. 



59 



Table 88. — Of the Area of Surface for Steam Poilers and their 

Fire Grates. 



Nominal 
Horse- 
power of 
Boiler. 



"Effective "area of 

surface of Boiler in 

Square feeu 



TutaL 



Per Hone- 
power. 



3 
5 

10 
15 
20 
25 
80 
40 
45 
50 
60 



59 
85 
143 
198 
249 
300 
350 
446 
494 
542 
635 



19-60 
17-00 
14-32 
13-20 
12-45 
12-00 
11-67 
11-16 
10-98 
10-83 
10-58 



Area of Fire Orate 
in Square feet. 



Total. 



Per Horse- 
power. 



3-28 
4-72 
7-94 
11-0 



13 

16" 

19- 

24' 

27 

30 

35' 



8 
7 
4 
8 
4 
1 
3 



1-09 
•94 
•79 
•74 
-69 
•67 
•65 
•62 
•61 
•60 
•51) 



except a small amount obtained by lap of the slide, consumes 
about a cubic foot of water evaporated to steam per hour. Thus 
an engine of 12-horse power— say with 12i-inch cylinder, 24- 
inches stroke, cutting off steam at 17 inches by lap of slide, with 
40 revolutions per minute and 40 lbs. steam— ^ would have 118 
incbes area of cylinder, and by Table 11 the volume of steam 



476 for water 1, and would consume 



118 X 17 X 2 X 40 X 60 _ 



1728 X 476 

11*98 cubic feet of water per hour, or very nearly a cubic foot 
per horse-power. 

(116.) The term horse-power is convenient, and we shall use 
it thereiore with this limitation. We can qualify the result, for 
application to other kinds of engines, afterwards. By (48) it 
wiSl be seen that we have assumed 60^ for the temperature of 
the feed water, therefore a cubic foot of water at 60° evaporated 
to steam is equal to 1-horse power. 

Table 31 gives, in col. 6, the number of pounds of different 
kinds of fuel per cubic foot of water or per horse-power. 

(116.) When a boiler is applied for working a steam-engine, 
its power is usually estimated by that of the engine which it 
supplies, and as different kinds of engines require different 
quantities of steam to do the same work, it is necessary to 
oonsider that fiEict in fixing the size of the boilers. If we kaow 
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the particulars of the engine, we can calculate approximately the 
amount of water it will require as in (114). Say we have a 
10-horse high-pressure expansive engine, with a 12-inch cylinder, 
2-feet stroke, 60 revolutions per minute, and by a double slide, 
cutting off its steam at ^rd. The area of the cylinder 1 foot 
diameter is *7854 of a square foot, and hence we have 

Q — = 63 cubic feet of steam per minute, or 3780 

cubic feet per hour. The bulk of steam at say 45 lbs. per 

square inch is, per Table 11, 439 times the bulk of water, we 

3780 
have therefore -jou =8*7 cubic feet of water evaporated per 

hour, and the size of the boiler may be calculated for that 
quantity, instead of 10 horses, the power of the engine. 

Calculating in this way, we find by extensive observation on 
engines of various powers, that a common high-pressure engine, 
non-condensing and non-expansive, except by the slide lap, 
requires 1 cubic foot of water per horse-power per hour, a 
similar engine cutting off at -^rd, about * 87 of a cubic foot ; and a 
double-cylinder condensing-engine about the same. The safest 
course, however, is to calculate in each particular case by the 
capacity of the cylinder, &c., &c., and it is advisable in all cases 
to allow ample boiler power, see (100). 

(117.) As an illustration of the application of the rule in 
(113), &c., say we take the case of the 20-horse boiler, Fig. 39. 
The tube has an effective area of 3*14 x 3x 'Sx 21 = 98 
square feet, and the body having the lower half only exposed to 

the heated air gives ^ X '75 x 21 = 136 square 

feet effective area ; so that we have a total of 98 4- 136 = 234 

234 ,, ^ , , ^ ,, 

square feet, or -^ = 11 '7 square feet per horse-power. Table 

39 gives the proportions of Cornish boilers from 3 to 55 horse 
power, and Figs. 36 to 43 other particulars ; the thickness of 
plates is in accordance with the best London practice, being 
rather stronger than the theory indicates. For convenience, we 
have given with each particular boiler 3 or 4 different lengths 
and the corresponding horse-power. 

(118.) Cornish boilers have become so common as almost to 
supersede all others, but the same rules apply to the many 
forms of tubular and other boilers occasionally used, and do not 
require special illustration, but it will be observed that a tube 
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62 FUBNACES— PIRB-BARS. . 

• 

with heated air inside receiving heat all over is more effective 
than the cylindrical body of a boiler heated np to its centre only 
as in Fig. 19 ; taking for example equal diameters, say 1 foot, a 
flue heated internally exposes an dctual surface of 3 * 14 square 

feet per foot in length, or g = 1 * 57 feet effective ; but the 

same tube heated outside up to the centre gives an actual area 

3*14 
of — rt"" = 1 • 67 feet, and an eflfective area of 1 • 67 x * 75 = 1 • 18 

square feet only. A tubular boiler is therefore more effective 
than an ordinary one with the same actual surface. 

(119.) " Furnaces." — The consumption of fuel per square foot 
of grate may be varied very considerably without any sensible 
effect on the economy ; a very large grate and thin fire is very 
objectionable, for without great care, parts of the grate are liable 
to become uncovered, whereby a hu:ge volume of air passes 
through the furnace unconsumed, resulting in a great loss of 
useful effect (101). 

(120.) It has been found by experience that in ordinary 

cases 12 or 14 pounds of coal per square foot of grate per hour 

is a good average quantity. By Table 31, we find that with 

Newcastle coals we require 8 46 lbs. of coal per horse-power, 

for a 20-horse boiler we should therefore require 8 * 46 x 20 

= 169 lbs. of coal per hour, and taking a mean consumption of 

169 
13 lbs. per square foot of grate, we have -^^ = 13 square feet of 

grate, or • 65 square feet per horse-power. But this will not be 

the same for all powers of boilers for the reasons given in (113) ; 

in fact, the area of the fire-grate should be proportional to the 

area of the boiler, say y^th of the effective area., and thus we have 

calculated col. 4 in Table 38. The 20-horse boiler, having by 

234 
(117) an area of 234 feet, should have about -^r.- = 13 square 

feet of fire-grate. 

(121.) ^^Fire-Bars,^* — Fire-bars should be short, thin, and 
deep ; the length in most cases should not exceed 3 feet, a long 
fire-bar is apt to be distorted by the heat, and give trouble, and 
this will not be obviated by increasing the thickness. A thin 
bar will stand better than a thick one, despite its apparent 
weakness, but the fact is, that a fire-bar is cooled by the passage 
of cold air on both sides of it, and thus a thin bar is cool^ more 
effectively than a thick one. Fig. 12 gives good general pro- 
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portions for fire-bars; the dimensions apply to all lengths 
except the depth at the centre, which is given by Table 40, 

Table 40. — Of the Pbopobtions of Fibe-babs for Steam-boilebs, 

&c., &C. 



Length. 



Depth. 



ft. in. 



1 
1 
1 
1 
2 
2 
2 
2 
3 




3 
6 
9 

3 
6 
9 




incoes 
21 
2f 
3 

3i 
3i 

H 

4 

*i 





Weigfat' 










Wt^ight 


Weight 


per 
Sqiure 1 


Length. 


Dppth. 


Weight. 


Sqnare 




fuut 1 










tuot. 


li«. 


lbs. 


ft. 


in. 


imhet. 


lbs. 


llM. 


6-4 


64 


3 


3 


4} 


23 


89 


81 


64 


3 


6 


5 


32 


91' 


9-5 


64 


3 


9 


5J 


35 


93 


11-4 


65 


4 





5* 


39 


98 


♦13 


65 


4 


3 


5} 


42 


100 


*15i 


69 


4 


6 


6 


47 


104 


♦18 


72 


4 


9 


6i 


52 


109 


♦20} 


70 


5 





6i 


♦56} 


113-5 


♦23} 


79 













which is calculated by the rule L + 1'5 = rf, in which L 
= the length of bar in feet, and d the depth at the centre in 
inches. The fourth column shows that short bars weigh less 
per square foot than loug ones. 

^Dead-plate, dc" — The object of the dead-plate is principally 
to keep tibe fire away from the furnace-front, and prevent it 
becoming unduly heated. Its width may vary with the size of 
the boiler, as is shown by Figs. 36 to 43, being 6 inches wide 
in small, 9 inches in medium, and 12 inches in large boilers. 
For the same purpose, a screen-plate as at D in 1^'ig. 8 is a 
useful addition to tiie furnace door. The figures give the longi- 
tudinal section of furnaces. The bearing-bars should not be 
firmly fixed to the boiler, as at A, Fig. 20, as is frequently done, 
for in that case the expansion by heat is very apt to work the 
screws loose, and cause leakage ; but should rest loosely in a 
pocket formed of angle-iron, as at B. The back-bridge may be 
of thick cast-iron, or of fire-brick, as in the figures. 

(122.) ^^Steam-chest" — The primary object of a steam-chest is 
to form a steam reservoir, where the steam may be quietly sepa- 
rated from the water, which otherwise is very apt to prime over 
with it (46.) In single-flued Cornish boilers, the steam-space 
is very small, and a steam-chest is essential ; but in the double- 
flued boilers, as in Fig. 36, &c., there is abundant steam-room 
without a steam-chest : nevertheless it is advisable to adopt it in 

* Actual wuights, obtained by weighing the castings. 
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ftll cases ; for with a little management, the man-hole and the 
steam-valyes, &c., maj all be fixed upon it, as in Fig. 21, and in 
that case no openings whatever are required in the body of the 
boiler. The whole may be floored oyer with York paving, and 
great neatness obtained. This cannot, howeyer, be done very 
well with less diameter than 2 ft. 6 in. The top of the chest 
will require for high-pressure steam a bar of T iron across to 
strengthen it, a second man-hole must be made in the body of the 
boiler, immediately beneath the one in the top of the chest ; but 
in no case must the whole of the metal in the body covered by 
the chest be cut out, as the boiler would thereby be seriously 
weakened. 

(123.) ^^ Safehf-vdlves** — The velocity with which steam issues 
from a boiler, &c., is the same as that of a body fiEdling by gravity 
from the height of a homogeneous column of steam, having 
throughout the same density as at the orifice. Say we take the 
case of steam 40 lbs. per square inch above the atmosphere. By 
Table 41, one pound pressure is equal to 2 * 3 feet of water, 
therefore the pressure in our case is 2 * 3 x 40 = 92 feet of 
water. By Table 11, steam at 40 lbs. is 476 times the bulk of 
water ; the height of the column of steam is therefore 92 x 476 
= 43792 feet, and the velocity due to that height by the rule 
for falling bodies ( VH x 8) is, in our case, v 43792 x 8 = 
1672 feet per second ; but when the orifice is made in a thin 
plate, the issuing jet of steam suffers a contraction, so that its 
area is reduced, according to the experiments of Daubuisson, to 
* 65, the actual area being 1*0; the discharge by an aperture 

1 inch square, per hour, is therefore -^ii — — = 27170 

144 

cubic feet of 40 lbs. steam, — equal to ,„^ = 57*08 cubic feet 

^ 476 

of water, or 57-horse power according to (115). 

(124.) An experiment was made with a double-flued Cornish 
boiler 24 ft 3 in. long, 6 ft;. 6 in. diameter, with two 2 ft;. 6 in. 
flues, and 30 ft. of fire grate (about 35-horse power, by our 
Table 39). The steam was discharged by an aperture 1 inch 
square in a thin plate, and by forced firing 57 • 5 cubic feet of 
water were evaporated in an hour — the pressure of steam vary- 
ing from 35 to 43 lbs., agreeing remarkably with the preceding 
calculation. A 3f in. safety-valve on the same boiler, loaded to 
30 lbs., discharged the same quantity of steam at 46 lbs. pressure. 
The valve whose angle was 45^ was raised vertically * 122 inch. 
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Table 41. — Of Equivalent Pressures in Pounds per Square Inch, 
Feet of Water, and Inches of Mercury, at a Temperature of 
62° Fahr. 



Pbunds per 


Feet of 


Inches of 


Pouods per 


Feet of 


Inches of 


Square inch. 


Water. 


Mercury. 


Square Inch. 


Water. 


Mercury. 


1- 


2-311 


2-046 


2-5962 


6- 


5-31198 


2- 


4-622 


4-092 


3 0289 


7- 


6-19731 


3- 


6-933 


6-138 


3-4616 


8- 


7-08264 


4- 


9-244 


8-184 


3-8942 


9- 


7-96797 


5- 


11-555 


10-230 


-48875 


1-12952 


1- 


6- 


13-866 


12-276 


•97750 


2-25904 


2- 


7- 


16-177 


14-322 


1-46625 


3-38856 


3- 


8- 


18-488 


16-368 


1-95500 


4-51808 


4- 


9- 


20-800 


18-414 


2-44375 


5-64760 


5- 


•4327 


1- 


•88533 


2-93250 


6-77712 


6- 


•8654 


2- 


1-77066 


3-42125 


7-90664 


7- 


1-2981 


3- 


2-65599 


3-91000 


9-03616 


8- 


1-7308 


4- 


3-54132 


4-39875 


10-16568 


9^ 


2 1635 


5^ 


4-42665 









Example. — Required the Pressure per Square Inch, and Equivalent 
Column of Mercury for a Head of 247 feet of Water. 



Feet of 
Water. 

200 
40 

7 



Pounds per 
Square Inch. 

86-54 
17-308 
3-029 



247 = 106-877 



or 



» 



Inches of 
Mercury. 

177-066 

35-413 

6-197 

218-676 



as in Fig. 22 ; the width of the annular discharging-orifice was 

•122 
therefore -. — j^ -, = ' 08G3 : and the circumference of 3 J being 
1*414 

11-78, we have -0863 x 11 '78 = 1-016 square inches as the 
area, or very nearly the same as before. It will be observed 
that although the valve was loaded to 30 lbs., and would doubt- 
less begin to blow off at that pressure, yet the pressure increased 
to 46 lbs. before the valve was able to carry off the steam, giving 
an increase of more than 50 per cent. This great increase 
arises from the fact that the valve was too small for the quan- 
tity of steam. It was large enough for the boiler when working 
at its nominal power of 35 horses, but not for 57 • 5-horse power 
to which it was forced; for, allowing 11 square feet per horse- 
power as in (113), a boiler for that quantity should have about 

p 
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640 square feet area, requiring, as per Table 42, a 5-incli safety- 
valve. Even with that size, the pressure would increase con- 
siderably (perhaps 15 or 20 per cent.) above that to which the 
valve was loaded. Nor can tlus be obviated without using valves 
of enormous and impracticable size. 

(125.) It will be seen from this that there is no precise stan- 
dard for the size of a safety-valve : all that can be done is to 
fix upon a size that will not suffer the pressure to rise to a dan- 
gerous extent. The area of a safety-valve should be proportional 
to the area of fire-surface in the boiler, and should be determined 
by that rather than by the horse-power of the boiler. We may 
admit as the result of experience that a 20-horse boiler (as in 
Table 39) with 45 lbs. steam requires one valve 3 inches dia- 

niiOter. Now that boiler has an area of 234 square feet, or — ^ 

= 26 square feet per circular inch of valve, or very nearly 
3 square yards (27 feet.); and for this pressure we may take the 
rule A = (2 ' X 26, in which d = the diameter of the valve in 
inches, and A = the effective area of the boiler in square feet. 
The fourth column in Table 42 has been calculated by this rule. 
(126.) We can calculate from this the areas with other pres- 
sures, say with the same boiler, we take 7 lbs. steam. We find 
by Table 11 that we have to discharge a larger volume of steam 
than with 45 lbs. pressure, in the ratio of 1138 to 439, so 
that the 3-inch valve, which was equal to 243 square feet of 
boiler surface with 45 lbs. steam, would now be equal to only 

— TfoQ — = 93*7 square feet, if the velocity of discharge 

was the same, which it is not, for (123) with 45 lbs. steam the 
velocity is V 45 x 2*3 x 439 x 8 = 1704 feet per second, but 
with 7 lbs. steam, V 7 x 23 x 1138 X 8 = 1090 feet per 
second, and the area of boiler stu^ace for a 3-inch valve is thus 

93*7 V 1090 
reduced to — ii-; = 60 square feet, or about one-fourth 

1704 ^ 

of the area with 45 lbs. steam. The different columns in Table 
42 have been calculated in this way. Table 39 also gives the 
proper diameter of safety-valve for different sizes of boilers. 

(127.) The forms of safety-valves are arbitrary; a convenient 
and inexpensive form is given by Fig. 25. They are sometimes 
made close-topped, with a waste-pipe to the chimney, &c., but 
this is objectionable, because the valve may be leaky, or by care- 
less firing the pressure may frequently be allowed to get up too 
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Table 42.— Of the Sizes of Safety Valves for Steam Boilebs. 



Diameter 

of 

Yalve. 



Preasore of Steam in Pounds per Square Inch above the 

Atmosphere. 



25 



45 



65 



100 



-affective'* area of Boiler sarfaoe in Square Feet. 



In. 
1 

n 

2 

^ 

3 

3J 

4 

5 

5i 
6 



7 
15 
27 
42 
61 

sa 

108 
137 
169 
203 
243 



17 
39 
67 
105 
151 
205 
268 
329 
418 
505 
603 



27 


38 


54 


61 


84 


123 


108 


149 


218 


170 


235 


343 


243 


335 


491 


331 


457 


668 


432 


596 


873 


M7 


755 


1105 


675 


932 


1363 


814 


1123 


1644 


972 


1341 


1963 



Yelocity of discharge in Feet per SecondL 



1090 






1560 



1704 



1784 



1872 



Note. — The effective area meant in this Table is explained in (108-113) ; 
see eltso Table 38 for the connection between the effective area and the 
horse-powers of boilers, &c. 

high, and blow o£^ without attracting attention. The open- 
topped form is preferable, and with ordinary care in firing 
should seldom be found blowing off. In adjusting the weight, 
allowance should be made for the weight of the lever and valve ; 
this can be done by the application of a Salter's balance at B. 
Say we had a 3-inch Yalve for 45 lbs. steam, and that the 
effective weight at B was 12 lbs., and we had to determine the 
weight at C, the distances AB and AC being Si and 19*5 
inches respectively, or 1 to 6. The area of 3 inches being 7* 06, 
y,^y,^y^ {'^'0^X^B)-^(12)xS'7^ ^^ (7-06 X 45) -12 

19-6 6 

51 lbs. at C. The seat of the valve should not be wide, as in 
Fig 22, but very narrow, as in Fig. 26 ; with a wide seat, there 
is considerable uncertainty in estimating the actual or effective 
diameter, which is usually intermediate between the large and 
small diameters of the cone ; with a narrow seat this is avoided, 

r 2 
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and if well executed it is more easy to grind, true and keep 
steam-tight. 

(128.) ^^ Dampers,** — The area of a damper depends on that of the 
chimney, and where there is only one boiler it may have the same 
area as tiie chimney, if that is properly proportioned to the power 
of the boiler. Thus for a chimney, as per Table 55, 40 feet high, 

12 inches sqnaire. we have |^ = 17-7 inches per horsepower, 

but for a chimney 150 feet high, and 2 feet 6 inches square, 
J-^ = 8-4 inches per horse-power only. As an approximate 

rule, we may give — -. = A, in which H = the height of the 

chimney in feet, and A = the area of the damper in square 
inches per horse-power ; thus for a chimney 100 feet high we 

have —^ = 11 inches per horse-power. The form of damper is 

arbitrary, and must often be varied to suit the form of the flue, 
but for ordinary cases we may adopt standard sizes, a convenient 
proportion being 3 to 1, and thus we have the sizes and powers 
given in Table 43. The powers of other sizes may be easily 

Table 43. — Of the Sizes of Dampers to Steam Boilers, with 

different Heights of Chimney. 



Size of the 

Damper in 

Inches. 



6 

7 

8 

9 

10 

12 

14 

16 



X 
X 
X 
X 
X 
X 
X 
X 



18 
21 
24 
27 
30 
36 
42 
48 



Height of Chimney in Feet. 



40 



60 



80 



100 



120 



150 



Square Inches of Damper per Horse-power. 



17-4 



14-2 



12-4 



110 



10-0 



9-0 



Horse-power of the Boiler. 



6-2 ! 7*6 
8-5 ■■ 10 



11 
14 
17 
25 
34 
44 



13 
17 
21 
31 
41 
54 



8-7 


9-9 


10-8 


12 


12 


13 


15 


16 


16 


18 


19 


22 


20 


22 


24 


27 


25 


28 


30 


34 


35 


40 


43 


48 


47 


53 


59 


65 


62 


70 


77 


85 
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calculated bj the nnmbers in the fourth line of the table ; thns, 
say we reqnired the size for a large damper to a set of boilers 
SOO-horse power for a chimney 100 feet high ; the table gives 
11 inches per horse-power, and we have 300 x 11 = 3300 
square inches for the area required, and if the height was fixed 

at 6 feet, or 72 inches, the width must be — — = 46 inches, 

(129.) ^^Area and Arrangement of Flues^ — The volume of 
heated air which has to pass along a boiler flue is proportional 
to the horse-power, and as in order to give out a given amount 
of heat, or to be cooled to a fixed temperature, it must be in 
contact with the boiler a certain time^ it follows that the velocity 
of the current should be proportional to the length of the boiler, 
80 that a particle of air traverses it in the same time, whether 
the boiler be long or short, and departs into the chimney cooled 
down to the same temperature in all cases. Let us take three 
boilers, say 10, 20, and 30 feet long, and 4, 16, and 5*0-horse 
I>ower, as per Table 39 ; the velocities should therefore be in 
the ratios 1, 2, 3, and the volumes of air in the ratios 4, 16, 50, 
or 1, 4, 12 nearly ; the areas must therefore be in the ratio of 

^^^^ or ^ = 1, 4 = 2, and Ip = 4, so that the 50-horse 
Velocity 1 ' 2 ' 3 ' 

boiler requires a flue only four times the area of a 4-horse one 

with the length of boilers we have taken. If the volume of air 

is proportional to the horse-power, and the velocity proportional 

to the length, the area of flue would be in the ratio of 

Horse-power 

Length 

(130.) But we have seen (113) that the volume of air is not 
exactly proportional to the horse-power, small boilers consuming 
more fuel than large ones, and requiring more air. The area 
of flue must therefore be made proportional to the effective area 
of the boiler, rather than its horse-power, and the rule becomes 

-=- X 47 = a, in which A = the effective area of the boiler in 
L 

square feet, as in (108), &c., L = the length of boiler in feet, 

and a = the area of flue in square inches. Thus in our cases 

72 "4 
the 4-horse boiler requires - — X 47 = 348 square inches, or 

204 
87 inches per horse-power; the 16-horse - ^ x 47 = 480 inches 
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or 30 inclies per horse-power ; and the 50-horse — - x 4:7 = 851 
indhes, or 17 inches per horse-power. ^^ 

(131.) There are three principal ways in which the flues of a 
Cornish boiler may be arranged. Fig. 27 shows the best plan : 
the fire proceeding along the tube to the back of the boiler 
descends and returns beneath the body to the front, where it 
splits and passes on both sides to the chimney. This mode of 
setting is preferable to any other, because the bottom of the 
boiler is more eiSfbctiyely heated, and thereby a better circulation 
of the water is effected; it requires, howeyer, rather more length 
in the house than other modes. Fig. 28 is another arrangement, 
in which the fire splits at the bacl^ returning on both sides to 
the front, where it descends, and proceeds by one flue to the 
chimney. Fig. 29 shows a '^ wheel " draught, and is the most 
common form of any. The fire returns to the front on one side, 
passes under the boiler by an opening in the dividing-wall, and 
passes to the chinmey on the other side. The flues which 
receive the first part of the heat should be lined with fire-brick ; 
the boiler should be fixed at such a level that the fire-bars are 
about 2 feet 6 inches above the stoke-hole floor. 

(132.) " The Strength of Steam Boilers:*— H^ or almost all our 
knowledge of the strengtii of steam boilers we are indebted to 
the venerable Mr. Fairbaim. From his experiments the mean 
strength of boiler-plate is 23 tons, or 51520 lbs. per square inch, 
but the strength with ordinary single-riveted joints is 66 per 
cent, of the strength of a solid plate, or 34000 lbs. per square 
inch, and this has commonly been taken as a standard in cal-« 
culating the strength of boilers ; but Staffordshire plates, which 
are extensively used by the best makers, bear only 20 tons per 
square inch, or 20 x '66 = 13 '2 tons, or say 30,000 lbs. per 

square inch with single-riveted joints. Hence — — = 

a 

P, in which t = thickness of plate in inches, d =: the internal 

diameter of the boiler in inches, and F the bursting-pressure in 

pounds per square inch. 

Table 44 has been calculated by this rule for the thickness 
in the first column. The working-jpressure may be taken at one-> 
sixth of the bursting-pressure. 
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(138.) This rule shows, that in theory the thickness of boilers 
of different diameters, for the same pressure, should vary simply 
with the diameter ; for instance, a 6-ft. boiler for high-pressure 
steam of 50 lbs. might be as per Table, ^ thick, a 3-ft. one 
being -^j and an 18-in. one, ^, &c., but these strengths would 
in practice be considered much too light, especially for the 
smiJl diameters, in fact such boilers would be apt to collapse 
with their own weight. For this and other reasons it is adyis- 
able to add, say -J^ of an inch, to aU the thicknesses given by 
the Table, which is done in column 2, by which we find that 
for 50 lbs. safe, or 800 lbs. bursting-pressure, a 6-feet boiler 
should be ^ in. thick, 4 ft. = f , 3 ft. = ^^, and 2 ft = ^ in., 
&c. But even with this correction the thicknesses come out 
too light with very low pressures^ and in such cases the engineer 
must be guided rather by his judgment. Our Table gives the 
theoretical strength in any case, thus, with the sizes now given 
the bursting-strain is 416, 468, 520, and 624 lbs. per square 
inch respectively. 

(134.) " Strength of Boiler Tubes to resist External Pressure.'^ 
— ^From the experiments of Fairbaim it appears that the strength 
of cylindrical tubes of boiler-plates to resist external pressure 
varies directly as the 2*19 power of the thickness, and inversely 
as the diameter and length, and he gives the following rules, in 
which 

p = the collapsing Pressure, in pounds per square inch. 

L = the Length of the boiler, in feet. 

D = Diameter of ditto, in inches 
t = thickness of plate, in inches 

yS-19 

then p = 806300 x ^^5 
A convenient modification of this rule is 

or logarithmicaUy 1-5265 + 2-19 (log. 100/) - log. (L x D) 
= log. jp. 

It appears from this that j> X L X D is constant for the 
same thickness of plate, and its value will be given by the rule 
33-61 X (100 t)*»* = p X L X I>, or by logarithms. 

1-5265+ 2-19 X (log. 100 t) = log.px L x B. 

By this rule Table 45 has been calculated, and from it we 
can easily calculate the strength of a tube by the simple rules 



of arithmetic, thus, a tube SO in. diameter, | in. thick, and 12 &. 

long, irill oollapBe with gg-— ^^ = 261 lbs. per square inch ; 

and again, to ascertain the proper thickness for a flue say 33 inches 
diameter, 20 feet limg, to auatain a wurking-preBstiFe of 46 lh& 
per inch, or say 45 x 6 ^ 270 lbs, collapsing preBsure, then 
i> X L X Dis in onr case 270 X 20 X 33 = 178200, the nearest 
nnmber to which in Table 46 is opposite ^ inch, the thickness 
xe^nited. 

c BEsisT External 
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P X L X n. 






tV 


18G0 


ln.h. 
ft 


228700 






i 


8484 


i 


2S8OO0 






A 


201)20 


ii 


S54900 






i 


38720 


! 


429500 






i 


63130 
94110 




511700 
601800 






■^s 


ISISHMI 


.11 


700100 






i 


17(1700 


Y 


80(1300 





(136.) From experimeute on the large scale it would appear 
that lap^oivied tnbes, each as are commonly used in practice, 
resist a collapsing strain more powerfully than the small expe- 
rimental tubes from which the constants in the formula are 
derived, Fairboim gives two experiments on large boilers, one 
35 feet long with 3 feet 6 inch tubes, J thick, which gave way 
with 97 lbs. per aqmire inch, but by rule and Table it should 

have borne .„ „^ - = 64 lbs. only. The other experiment was 
on a tube 25 feet long, 3 feet 6 inches diameter, and f thick, 
which collapsed with 127 lbs. per square indi, but whose 

strength by Table, &c, was js 0= = 89 • 6 lbs. only. This is 

only what might be expected, the double thickness at the joint 
acts partially like a series of rings, and increases the strength 
in the same way ; the rules therefore give a minimnm and ^e 
strength, in &ct only abont 70 per cent, of the strain which 
ordinary boiler tubes seem to be capable of bearing. 
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(136.) An obvious and easy mode of increasing the strength 
of a boiler tube is by adding strong rings at intervals, so as (in 
effect) to divide it into short lengths, and Mr. Fairbairn proposes 
to do this by making the tube butt-jointed and using J. iron 
for the junctions ; but a butt-joint cannot easily be made tight, 
and it is better to make the tube lap-jointed as usual, and add 
*r or L rings where required. Even this is objectionable from 
the great thickness of metal where the rings are riveted on, the 
metal there being in consequence unduly heated. An ingenious 
plan of Mr. Bramwell, C.E., of London, promises well to get 
over this objection : — ^let Fig. 30 be a cylindrical tube A B C D, 
compressed into the ellipsis E F G H. This change of form 
may be resisted in two ways, namely, by preventing E and F 
from giving in, or G H from giving out ; if G H be prevented 
from bulging out, E and F will be effectually prevented from 
collapsing. This is effected by putting on the tube, thin deep 
rings of iron, say f X 3 inches deep, as J in Fig. 31, such rings 
are free (from their small thickness) to the objection of in- 
creasing the thickness of the metal exposed to the fire, &c., &c., 
to which JL iron rings are liable. 

(137.) Elliptical tubes are exceeding weak for resisting an 
external pressure. Experiments were made by Mr. Fairbairn 
on such tubes, one 14 in. x lOJ in. diameter, 5 feet long and 
•043 thick, collapsed with GJlbs. per square inch; another 
20J in. X 15i in. x 5 ft. 1 in. long and '25 thick, collapsed with 
127^ lbs. per square inch ; from which it appears that in elliptical 
tubes the diameter to be taken in calculating the strength is 

r2Ly 

a , in which L = the major and S the minor axis of the 

ellipse; thus in Fig. 30, L = 3 feet and S = 2 feet, and the 
flattest part of the ellipse at E or F is part of a circle whose 

(2 X 3y 

diameter is ^^ — ^ — = 9 feet, and the collapsing pressure will 

be that due to a tube 9 feet diameter ; this will show the ex- 
cessive weakness of elliptical, or oval tubes. 

(138.) The French Government and Mr. Fairbairn assume 
the safe working-strain on a boiler at one-sixth of the bursting 
or collapsing pressure, and we may admit this to be a safe rule 
for all ordinary cases in practice. 

(139.) The flat ends of boilers require to be well stayed with 
longitudinal rods, or gusset stays to the body as in the Figures, 
these latter are every way the best and most convenient. 
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CHAPTEE IV. 

ON THB EFFLUX OF 00MPBE8SED AIB, GAS, AND STEAM. 

(140.) " Efflux of Compressed Air, dc.** — Wben water or other 
liquid escapes from an orifice in the side of a yessel into the air 
as at A, Fig. 32, the yelocity of efflux is the same as that of a 
body falling freelj bj gravity from the height S A. Similarly 
when a liquid escapes from one vessel into another, by a sab- 
merged onfioe B, the velocity of efflux is that due to the height 
S T, or the difference of level of the liquids in the two vessels, 
and it is not affected by the depth T £, at which the orifice is 
placed. 

(141.) We have here supposed that one and the same liquid 
was being dealt with, but if one compartment were filled with 
a liquid of different specific gravity to that in the other, we 
have a different case. Say in Fig. 33 we have a vessel with two 
compariments, C and D, filled to the same level with two fluids, 
whose specific gravity (for the sake of illustration) was as 3 to 1, 
C being the denser of the two. The conditions of pressure at 
E are precisely the same as would arise with one and the same 
fluid in both compartments, by columns having the respective 
heights F E and H E, that is to say, the velocity of efflux will 
be that of a falling body, with the height G H, and of course 
it is the denser fluid which escapes with that velocity. 

(142.) " Velocity into a Vacuum** — ^Applying this reasoning to 

elastic fluids, we are met by the difficulty that we have no real 

sur&ce level to calculate from ; in the case of air, for instance, 

the density diminishes as we leave the earth in geometric ratio, 

and the limit is in infinity. But for the purpose of calculation, 

we may find what the height of the atmosphere would be, if it 

had throughout the same density as it has at the surface of the 

earth. Assuming that the barometer was at 30 inches, we find 

from Table 46 the density of mercury to be 13*596, water 

being 1 ; and from Table 32 air has a density of * 001221, 

water being 1, the height of a homogeneous column of air equal 

13*596 y 30 
to 30 inches of mercury is therefore .nniooi To = 27838 feet, 

and although this is fictitious, we may use it for the purposes 
of calculation without error. We shall now find the velocity 

into a vaduum by the rule for falling bodies to be V27838 x ^ 
= 1344 feet per second. 



r AIB, &C., INTO A VACDCa. 

Table 46.— Of the Spbcific Gravity and Weight of Matemalb, 
Water at 62° being I'OOO. 









i-ciKhtot 


Soot 


























Pound.. 


Pounds. 




Mercury 


13-5nt! 


847-3 


4H03 


9-644 




11 ;i52 


707-5 


4094 


3- 166 


Copper, sheet 


8-785 


547-5 


3168 






8 -670 


540-3 


3127 




Copper.cuat 


8-607 


536-4 


3104 


4-176 




8-393 








-Wrought Iron 


7-788 


4S5-S 


2809 


4-615 


Tin. ciflt 


7-291 


4M-4 


2630 


4-930 


Zinc, sheet 


7-190 


448-1 


2593 


4-999 


0«atlmD,Britiah, mean .. .. 


7-087 


441-6 


2556 


5-07 




6-861 


427-6 






Blate 


2-835 


176-7 


1022 


12-68 


Glaaa 


2-76 


172-0 


0995 


13-02 


Granite, Coraieh 




165-9 


0960 






2-506 


156-2 


0904 




Brick. London gtodi 


]-8il 


114-7 


0664 




Sand.Kiver 


1-546 


90-35 


05S8 




Goal, British, moan 




81-83 


0474 




Water, difltilled 


1-000 


62-321 


03606 








57-96 


03354 


38-65 


Alcohol 








44-21 


Oil. Olive 




57-04 


03301 


39-27 






48-42 


02802 


46-26 






36-65 


0212 


61 13 




-560 


34-9 


0202 


64-18 




-183 








Coke. Gas, in m«.ante .. .. 


-353 


22 


01273 


lors 




-24 


14-96 


00860 


149-7 



(143.) The velocity of eteam at atmospheric pressure into a 
vacuum, may be calculated in the same way : takmg its density 

from Table 32 at -0007613, wo liave- 'f,'^^^,^—, a = 44648 feet 

■UUUi bl.5 X i- 
for the height of a column of steam t^qiiivalont to 30 inches of 
Kiercni-y, and the velocity into a vacuum V44648 x 8 = 1690 feet 
JiCr so<Mind. 

(144.) Applying these rules to air, ateam, &c., of other than 
ordinary densities and pressures, we are conducted to the re- 
markable fa,ct that the velocity into a vacnum is constant, 
whatever the pressure may be ; for instance, air of double the 
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atmospheric pressure would have a double height of column, 
and thereby an increased velocity, if the density remained the 
same, but tiie density being of necessity double also, the height 
of column remains the same, and hence the velocity which is 
due to that height remains the same also. It follows from this, 
that if we filled a vessel with air compressed to any number of 
atmospheres and allowed it to escape into a vacuum, the velocity 
would be the same from first to last, although the pressure would 
be continuously reduced by the escape of the compressed air ; 
but the quantity or weight of air which escapes would not be 
the same at aU pressures, but would vary with the density of the 
air, which varies every moment with the pressure. 

(145.) " Velocity into Air" — This uniformity of velocity at 
all pressures does not hold when the discharge is made into air. 
Let Fig. 33 represent the discharge into rarefied air, say of one- 
third the ordinary density (made so by heat or otherwise), we 
have then a case analogous to (141), in which we found the 
velocity to be that due to the difference of height of the two 
columns. Thus in Fig. 33 we have two columns of the same 
height, or 27,838 feet, but the pressure exerted at the orifice E 
by the column G £ is the same as that of a column of ordinary 

air of one-third the height, or — - — = 9279 feet, and, as in 

(141) the velocity of efflux will be that due to the difference, or 

27838 - 9279 = 18669 feet head, namely, ^18569 x 8 = 1090 
feet per second. 

Again, the velocity of steam of 20 lbs. pressure per square 
inch into the atmosphere may be calculated in the same way. 
By Table 41 we find that 20 lbs. per square inch is equal to 
46*22 feet of water-pressure, and by Table 11 the volume of 
20-lb. steam is 732 for water 1, hence the height of the column 
of steam generating the v elocity is 46-22 x 732 = 33833 feet, 

and the velocity of efflux V 33833 x 8 = 1472 feet per second. 

(146.) It will be seen from this, that for finding the velocity 
of efflux in any case, we require only the difference of pressure 
at the two sides of the orifice and the density of the issuing gas 
or steam ; this is further illustrated by (123), &c. 

(147.) When the pressure varies very slightly, as is usually 
the case in most questions of ventilation, discharge of coal- 
gas, &c., we may admit, without sensible error, that the density 
is constant, and the velocity of discharge will then be governed 
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bj the square root of the pressure simply, and we have the rule 

VP X 66-1 = V for air, and ^P X 102 = V for coal-gas of 
density -42 for air 1 ; P being the pressure in inches of water, 
and V = velocity in feet per second. Cols. 3 and 6 in Table 47 
have been calculated by these rules* These rules may be modi- 

Table 47. — Of the Velocity of Disobabge of Common Aib and of 
Coal-Ga8, at ordinary Temperature and Pressure, with small 
differences of Pressure, 







Common Air at 62^ 


Coal Gas, specific gravity '42, 


WW _ _ • 


WXt aM» 


under 30 inches of the Barometer. 


that of Air being i-0. 


Head or 


Difference 














of Pressure in 


Coefficient of Dischai^e. 


Coefficient of Discharge. 


Indies 


Pounds 


1-0 


•93 


•65 


1-0 


•93 


•65 


of 


per 

Square 

foot 














Water. 


Velocity in feet per second. 


Y«Iocity in feet per second. 


•005 


•026 


4-67 


4-34 


3-03 


7-2 


e-lo 


4^68 




•01 




•052 


6' 


61 


6 


14 


4 


•29 


10 


2 


9-48 


6-63 




•02 




•104 


9 


35 


8' 


69 


6' 


•07 


14 


4 


13*4 


9-36 




•03 




•156 


11' 


4 


10' 


6 


7 


41 


17' 


•6 


10-3 


11-4 




•04 




•208 


13 


2 


12 


3 


8 


•58 


20' 


4 


10-0 


J8-3 




•05 




•260 


14 


•8 


13 


•7 


9 


•62 


22 


8 


il-2 


14-8 




•07 




•363 


17' 


4 


16' 


2 


11 


3 


27' 





S51 


17-5 




•10 




•519 


20 


•9 


19 


4 


13 


6 


32' 


3 


80-0 


21^0 




•15 




•779 


25 


6 


23' 


8 


16 


6 


39' 


5 


86-7 


25-7 




•2 


1 


•038 


29 


5 


27 


•4 


19 


2 


45' 


6 


42-4 


29-6 




•25 


1 


•298 


33 


1 


30' 


8 


21' 


5 


51 





47-4 


33-1 




•3 


1 


•558 


36 


2 


33 


•6 


23 


5 


55 


8 


51-9 


36-2 




•35 


1 


•818 


39 


1 


36' 


3 


25 


4 


60 


3 


56-1 


39'2 




•4 


2 


•077 


41 


8 


38 


•8 


27 


2 


64 


5 


60-0 


41-9 




•45 


2 


•337 


44 


3 


41 


2 


28 


8 


68 


4 


63-6 


44-5 




•5 


2 


•597 


46 


7 


43 


4 


30' 


3 


72' 


1 


67-i) ^ 


46-8 




•6 


3 


•116 


51' 


2 


47' 


6 


33 


3 


79' 





73-4 


51-3 




•7 


3 


•635 


55 


3 


51' 


4 


35 


9 


85' 


4 


79-4 


55-5 




■8 


4 


•155 


59- 


1 


54' 


9 


38' 


4 


91' 


2 


84-8 


59-3 




•9 


4 


•674 


62' 


7 


58' 


3 


40' 


7 


96' 


8 


90-0 


62-9 


1 





5 


•193 


66' 


1 


61' 


4 


42' 


9 


102 


95 


66-3 


1 


5 


7 


•790 


80' 


9 


75" 


2 


52" 


5 


125 


116 


81 


2 


"0 


10' 


38 


93-5 


86" 


9 


60" 


7 


144 


134 


94 


2 


5 


12" 


98 


104 


96-7 


67" 


6 


161 


149 


104 


3 





IS- 


58 


114 


106 


74' 


1 


176 


163 


114 


•> 

it 


5 


IS' 


18 


124 


115 


80' 


6 


191 


177 


124 


4' 





20' 


77 


132 


123 


85' 


8 


204 


190 


133 


4- 


5 


23' 


37 


140 


130 


91' 





216 


201 


140 


5" 





25' 


97 


148 


138 


96' 


2 


228 


212 


148 


G-0 


31 16 


162 


151 


105-3 


250 


232 


162 



OOEFFIOIBNT OF OONTBACTION. 79 

fied so as to give the quantity discharged instead of the velocity. 
Thus for round apertures with air we have d* x VP X 21*64 
= C ; and for coal-gas d* x VTf x 33 • 4 = C, in which C = cubic 
feet discharged per minute, d = diameter of orifice in inches, 
and P = pressure in inches of water. 

(148.) " Coefficient of Contraction/' — ^But the quantities dis- 
charged will vary considerably with the form of the orifice, for 
the issuing vein of air, &c., suffers contraction, as in the case of 
water, and as shown by Fig. 34, where with a thin plate, an 
orifice 1 inch diameter has the jet reduced to *8 diameter, and 
the aiea to *8' = *64, that of the orifice being 1. The experi- 
ments of Daubuisson give the following coefficients of discharge 
for ftir: — 

^65 for an orifice in a thin plate. 

•93 for a very short cylindrical pipe, say two diameters long. 

'95 for a similar pipe slightly enlarged outward, or trumpet- 
shaped. 

(149.) ^^Ydodty of Steam^ — ^With steam of a fixed pressure 
(say 45 lbs. per square inch on one side of an orifice and 44 lbs. 
on the other side) we have a difference of 1 lb. per square inch, 
which by Table 41 is equal to 2 * 3 feet head of water ; and by 
Table 11 we find the volume of 45 lbs. steam to be 439 times 
that of water, and hence the height of column of 45 lbs. steam, 
equivalent to 1 lb. pressure, is 2 • 3 x 439 = 1010 feet ; and the 

velocity due to that height is VlOlO x 8 = 254 feet per second, 
which is the velocity at the most contracted part of the issuing 
jet (C, Fig. 34) ; but with a pipe taking • 93 for the co-efl&cient 
this becomes 254 x *93 = 236 feet per second over the full 
area of the orifice at B. From this we obtain the general rule 

*/~j^ X 236 = V, in which _p = the loss of pressure in pounds per 
square inch, and V = the velocity of the discharge over the full 
area of the orifice in feet per second. Table 48 has been calcu- 
lated by these rules. 

(150.) The discharge of steam may be sometimes conveniently 
estimated by the horse-power instead of cubic feet. Taking the 
case of 45 lbs. steam, and admitting that one cubic foot of water 
evaporated to steam represents 1-horse power (115), we find 
by Table 11 that a cubic foot of water is equal to 439 cubic 
feet of steam at that pressure, and to pass that quantity 
through an orifice 1 inch diameter we should require a velocity 

of ^39 x 144 ^22-36 feet per second, which with a 

•7854 X 60x 60 ^ 
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Table 48, — Of the Velocity of Dibchaegb of 45 lbs. Steam, with 
given differences of Pressure at the two sides of an orifice. 



Loss of 

PrMsnTe 


Go-eflScientofDia 


chaige. 
•65 


Loss of 

Pressure 

in Pounds 

per 

Square 


CoefBcient of Discharge. 


in Pounds 

per 

Square 


10 


•93 


10 


•93 


•65 . 












inch. 


Velocity in feet per second. 


inch. 


Velocity in feet per second. 


•01 


25-4 


23-6 


165 


•6 


197 


183 


128 


•02 


35-9 


33-4 


233 


•7 


213 


198 


138 


•03 


44-0 


40^9 


28^6 


•8 


228 


211 


148 


•04 


60-8 


472 


33-0 


•9 


241 


224 


157 


•05 


66-9 


62-9 


370 


1^0 


254 


236 


165 


•1 


80-4 


78^4 


52-3 


11 


267 


248 


173 


•15 


98^5 


91*6 


640 


1-2 


279 


259 


181 


•2 


114 


106 


74- 1 


13 


290 


270 


188 


•3 


139 


129 


90^3 


1-4 


301 


280 


195 


•4 


161 


150 


105 


1-5 


311 


289 


202 


•5 


180 


167 


117 











pipe becomes 



22 •36 
•93 



= 24 feet per second, the head due to 



which by the rule for falling bodies ( namely (-q) = ^ ) 

/24\2 9 

becomes in our case (-77-) =9 feet head of steam, or —— = 

\ o / 439 

•0205 feet of water, which again by Table 41 is equal to '0205 

X "4327 = '00887 lbs. pressure per square inch. 

(151.) From this we get for circular apertures, or rather for 

short pipes discharging 45 lbs. steam, the general rule -— x 

a 

• 00887 = p, in which H = horse-power of steam, estimated in 
cubic feet of water ; d = diameter of short pipe, say two dia- 
meters long, in inches ; p = the difiference of pressure at the two 
ends of the short pipe, in pounds per square inch. Thus, 
a short 3-inch pipe, say 6 or 8 inches long, discharging 120 

horse-power of steam, would require ^-~- x 00887, or - 

3 81 

X "00887 = 1*57 lbs. per square inch, so that the pressure at 

the exit end of the pipe is reduced from 45 to 45 — 1 • 57 = 

48 -43 lbs. per square inch. Table 49 has been calculated by 

this rule. 
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For 7 lbs. steam, the rule becomes^ x '0231 = jp; and by 
iliis we have calculated Table 50. 
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(152.) The pressure varies as the fotirth power of the dia- 
meter of the orifice, as shown by the preceding rules, for this 
reason : — ^the area of an orifice, and consequently the velocity of 
efflux with a given quantity, varies as d*; and as the pressure 
varies as V*, the ratio becomes d* x ^> or more simply as d*. 
For instance, if in any particular case we reduce the diameter 
of an orifice to one half, the velocity would be increased in the 
ratio of 1 to 4, and the pressure from 1 to 16. 

(153.) ^^FricUon of Long Pipes" — We have so fSeur considered 
only the head or pressure necessary to give any required 
velocity with an orifice, or a pipe so short that the friction was 
inappreciable ; but where the length is considerable, there is a 
seeond loss of pressure due simply to the friction of the air or 
steam against the sides of the pipe ; and in all such cases the 
head due both to velocity and to friction must be separately 
calculated and the sum total taken. 

(154.) The head due to friction alone may be calculated by 
the following rules — 

C'x L_TT (3'7d)^xH ^p, C'X L_,o.7^v {S'7d\' 

in which d = the diameter of the pipe in inches, L = the length 
of pipe in yards, C = cubic feet per minute, and H = the head 
(or difference of pressure at the two ends of the pipe) in inches 
of water. These rules cannot be easily worked without the use 
of logarithms ; but we have calculated by them Table 51, for 
the use of which we have the following rules : — 

(155.) 1st. Having the diameter, length, and discharge given, 
to find the head, take from Table 51, opposite the given dia- 
meter, the number in column 2 or 3 (according to the terms in 
which the head is desired), and multiply it by the square of the 
given discharge in cubic feet, and by the length in yards ; and 
the product is the head in inches of water, or in pounds per 
square inch, due to friction alone, to which the head due to 
velocity has to be added from Tables 47 or 48, &c. 

(156.) 2nd. Having the head, diameter, and length given, 
to find the discharge, assume a discharge and calculate the 
head for that as in (155) ; divide the assumed discharge by the 
square root of the head due to it, and multiply by the square 
root of the given head ; and the quotient is the true discharge 
sought. 

(157.) In order to facilitate calculation, the Table 51 is so 
arranged, that for diameters under one inch the discharge must 

G 2 



84 nuonoN of axb and btiah fifxb. 

Tablb 61.— Of the Fbictiow of Am, Steam, and Gab ir 







Had. or dlBtrsnco of fmiEure at [lie two 








«ub u( 4> f Ipe imc ynnJ lonE, m 






"i" 


I»cb™otW.t.r. P^'l'^Sqmi™ 






Had for 1 Cubic Fool pet Mlunte. 








1'477 
■1045 


■05317 
■00700 








■01S5 


■OOOBfiS ■ 








■006077 


■0002187 






■001442 


■0000519 












1 


Haul for 10 Cubic Pmi per Hlnils. 






-04725 


■001701 






1 


■01899 


■000684 






1 


■00878 








B 


■00451 


■000162 






81 


■00250 


■000090 






Si 
3 


■00148 


■0000532 






Bead fur IDO CnblE Fntiier MInnti. 






■0594 


■00214 






BJ 


■0746 


■000989 








■oui 


■000507 






*i 


■00782 
■00*62 


•000281 
■000166 








■00186 
■0O0S58 


■0000668 
■0000309 






e 

9 


■OOOMO 


■0000158 






Heod for IDCU Coble FdH per MJi.al«. 






■02442 


■000879 






10 
12 


■01442 
■00579 


■000519 
■000209 






15 
IS 


■00189 
■000763 


■0000681 
■0000275 






21 


■000353 


-0000127 






24 
30 


-oooisi 


-oooooias 






HMd for lO.OOO Cubic Fctt jm Mlnntu 






■00593 


■0002U 






«3 


'00368 


■000133 






3G 


■00238 


'0000858 






42 


■00U03 


■0000398 






JS 


■OOOSIfli 


■0000204 






34 


■000314 


■0000113 






60 


■000185 


'00000667 





DISGHABGE OF AIB, ETO., BT PIPES. 85 

be taken in cnbic feet, as in (155), &c., but from 1^ inch to 2.^ 

inches in tens, from 3 inches to 8 inches in hmidreds, from 9 

inches to 24 inches in thousands, and from 30 to 60 inches in 

tens of thousands of cubic feet. 

Thus a |-inch pipe, 2,0 yards long, discharging 2 cubic feet 

of air per minute, requires • 006 x 2* x 20 = '48 inch head of 

144 X 2 
water for Motion, and the velocity being '.4 4 w qq = 10 • 9 feet 

per second, the head for that velocity by Table 47 is '03 inch 
of water, making '48-1- '03 = '51 inch total. 

A 2^inch pipe, 40 yards long, with 38 cubic feet of air, will 

require '00148 x ( v^^ ) X 40 = '85 inch head for friction, 

144 X 38 
and the velocity being 4..Q y cq = 18 • 6 feet per second, or by 

Table 47 = •! inch head, we have a total of -85 -j- '1 = •96 
inch head. 

A 4-inch pipe, 10,560 yards long, discharging 852 cubic feet 
of gas per hour, or 14 '2 cubic feet per minute, will require 

•0141 X (yoo) ^ 10,560 = 3-002 inches head for friction. 

With so small a discharge, the head for velocity will be in- 
appreciable ; Clegg found by experiment, that the head with a 
pipe having these conditions was 3 inches of water. 

A 9-inch pipe, 30 yards long, discharging 500 cubic feet of gas 

/ 500 \* 
per minute, will require • 02442 x ( Jaqq ) X 30 = • 183 inch 

144 X 500 
head for friction, and the velocity being no.n fq =18*8 feet 

per second, the head for that velocity by Table 47 is ' 04 inch, 
or *183 + -04 = -223 inch total. 

(158.) Again, say we require to know the discharge of 45 lbs. 

steam by a 4-inch pipe, 150 yards long, with a loss of 1 lb. in 

pressure, the steam at the exit end being reduced to 44 lbs. per 

square inch. Let us assume, say 400 cubic feet for the discharge, 

/400\* 
and calculating as in (156), we have "000507 x ( fng 1 X 150 

= 1 * 22 lb. per square inch, as the head due to friction alone, 

144 X 400 
the velocity will be i^ .g w ca = 76*2 feet per second, which, 

by Table 48, with '93 co-efficient, requires about '1 lb. per 
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square inch, so that for our (usumed quantity, the total head is 
1'22 + •! = 1'32 lb. per square inch, instead of 1 lb., the 
pressure allowed in our case. The true discharge (156) with 

the given head is therefore —— — x V ^ = ^^^ cubic feet of 

V i*o2 

steam per minute. 

(159.) This last result is obtained by the application of a 
useful general law, which may be stated thus : the discharge of 
any pipe or system of pipes, apertures, &c., &c., is proportional 
to the square root of the head ; and conversely, the head is pro- 
portional to the square of the discharge. 

(160.) ^Square and Bedangfdar Channels," — ^The case of 
square and other rectangular channels may be assimilated to 
that of round pipes, and then the velocity, &c., may be calcu- 
lated by the rules and tables given for the latter. The velocity 
of discharge, whatever may be the form of the pipe or channel, 
is in all cases proportional to the sectional area cQvided by the 
periphery or circumference. In round pipes, this is always one- 
fourth of the diameter : thus a pipe 1 inch diameter has an area 

of • 7854, and a circumference of 3 • 142, and qttto = * 25 ; and 

. . , . . 12-57 ^ 
a 4-mch pipe gives j^r^ir = !• 

" Square Pipes,'* — Square pipes give the same uniform ratio : 
thus a pipe one inch square will have an area of 1, and a 
periphery of 4 inches, and i = '25 as with a circular pipe : 
again, a pipe 4 inches square has an area of 16 square inches, 
and a periphery of 16 inches also, and as ^dth the round pipe 
^f = 1, it follows that the velocity of discharge with a square 
pipe is the same as with a round one, with the same length and 
head, &c. ; but of course the quantity discharged will be greater 
with a square pipe in the same proportion, as tibe area of a square 
is greater than that of a circle, or as 1 to • 7854. 

" Bectangular Pipes.*' — The same laws apply to rectangular 
pipes : thus a pipe 6 inches by 8 inches has an area of 18, and 
a periphery of 18 also, and 4-§- = 1, which is the same as a 4-inch 
pipe, as we have seen ; therefore a round pipe 4 inches diameter 
will have the same velocity of discharge as a pipe 4 inches 
square, or as another 6 in. x 3 in., and the quantities dis- 
charged will be in proportion to the areas, or 12* 67, 16, and 18 
respectively. 

Say we have a rectangular channel, 40 yards long, 36 inches 
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wide, and 18 inches deep, and we require to know the head or 
preBsnre for a velocity of 6 feet per second. The area is 36 x 

18 = 648, and the periphery 108, and we have -r^g = 6, which 

is the same as a pipe 6 x 4 = 24 inches diameter, and we can 
calculate the head as for a round pipe of that diameter. A 
round 24-inch or 2-feet pipe, discharging at the rate of 6 feet 
per second, would deliver 3* 14 x 6 x 60 = 1130 cubic feet per 

/'1130\* 
minute, requiring -000181 x ( foooJ ^ ^^ = • 0077 inch head 

for friction alone. The head for 6 feet velocity by Table 47 
with "93 for co-e£&cient, is '01 inch of water ; the total head 
is therefore -0077 + -01 = '0177 inch of water, and this is 
also the head for a pipe 36 inches by 18 inches, as in our 
case. 

(161.) ^^ Effect of Bepeated Enlargements and Contractions,^* — 
It might be supposed, that the effect of enlarging the channel 
would be to diminish friction in discharging a fixed quantity of 
air^ and this is true where the velocity has not to be got up 
again ; but where there are repeated and successive contractions 
and enlargements, the head saved in friction by each enlarge- 
ment, may be more than compensated by that required for 
getting up the velocity at the next contraction. Let Fig. 113 
represent the rectangidar pipe 40 yards long, the head for which 
with a velocity of 6 feet per second we have just calculated to 
be • 0177 inches of water. 

Let Fig. 114 be a similar pipe, but one having two chambers 
or rooms, A and B, in its course, by which the length of the pi'pe 
or channel itseK, C F, is reduc^ to one-half or 20 feet. The 
velocity of the air passing through the two rooms is so very 
small, that there will practically be no friction there, so that the 
friction is thus reduced to one-half also. But we found that 
the head at C, due to the air entering the pipe with 6 feet 
velocity, was • 01 ; when the air enters the room A, that velocity 
is lost, and must be got up again for the air entering the next 
contraction at D, to be again lost in B, and got up again at E. 

• 007*^ 
The head fpr friction in this case is — o — = * 00385, and the 

head for the velocity at 3 places * 01 x 3 = * 03, making a total 
of -00385+ -03 = -03385, or about double the head for a 
uniform pipe ; so far therefore from diminishing the head by 
enlarging the channel at A and B, we have really doubled it in 
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tliis case. It is important to keep this fact in view in cases of 
ventilation, &e. ; in large buildings, the changes of area in the 
passages are nmnerons and nnavoidable, they are also too com- 
plicated to be calculated, but in the case of the Prison Mazas 
(362), we found that the velocity was thus reduced to * 423 of 
the theoretical velocity, and in the Prison of Provins (365), to 
•322. 

(162.) " Steam Pvpes*^ — Bepresenting 1-horse power by one 
cubic foot of water evaporated to steam, we have, by Table 11, 
for 45 lbs. pressure, 439 cubic feet of steam per horse-power 
per hour, or 7*3 cubic feet per minute, and for a pipe 1 inch 
diameter, 1 yard long, and 10-horse power, we have by the rule 

(>X L „ . (7'3X10)'X1 rr a^K' X. X. A 

(S'ldY ~^y^ ^^ ^^'^^ ^3-7 y IV — ~ ••685 mches head 

PT,/»QK 

of water, or — tq- X '4327 = '277 lb. per square inch, and 

thus we have calculated Table 52. 

With 7 lbs. steam we have by fable 11, 1138 cubic feet of 
steam per horse-power per hour, or 19 cubic feet per minute, 
and for 10-horse power and a pipe 1 inch diameter we require 

igyxl .onfi- 1, 1, ^ ^ . 52-06 X -4237 
^ 3*7 V IV ~ o2'06 mches head of water, or ^^ 

= 1 * 88 lb. per square inch, as in Table 53, 

(163.) " Steam-Pipes to Engines" — ^In applying these rules 
to pipes for steam-engines, it must be observed that the supply 
of steam to an ordinary engine is intermittent, being when 
passing the centre, and a Tnaximum when at the middle of the 
stroke, and that the inaximuTn velocity should be taken in calcu- 
lating the size of steam-pipe. Thus, an engine of 5-feet stroke 
and 22 revolutions per minute has a mean velocity of 5 x 2 x 
22 = 220 feet per minute ; but when at the centre of the stroke, 
the piston is moving with the velocity of the crank pin, or 5 x 
3 • 14 X 22 = 345 feet per minute, instead of 220. It will be 
found that in a common double-acting engine the maximum 
velocity is 1*57 times the mean velocity, and with a pair of 
engines having their cranks at right angles the ratio is 1 *11 to 
1 : so that, for instance, one engine of lOO-horse power takes 
steam at the maximum rate of 157-horse power, and a pair of 
engines, each of 50-horse power, combined at right angles, takes 
Ill-horse power of steam at the maximum speed. From this 
we have columns 2 and 3 in Tables 49, 52, &c. 
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(164.) The following examples will illustrate the use of 
these Tables : — 

Example 1. A single engine of 25«horse power, with a 2]^-inch 
steam-pipe, 50 yards long and 45 lbs. steam, will by Table 49 
require • 365 lb. pressure for velocity of entry, and by Table 52 
•0454 lb. per yard for Motion, or in our case '0454 x 50 = 
2*27 lbs. per square inch, making a total of *365 -f- 2*27 = 
2*685 lbs., so that the available pressure for working the engine 
is reduced to 45 — 2 * 635 = 42 * 365 lbs. per square inch. 

Example 2, A single low-pressure engine of 250-hor8e 
power, with 7 lbs. steam, lO-inch pipe, 20 yards long, will 
require by Table 53 (say 255-horse power) • 0301 x 20 = * 602 lb. 
for Motion, and by Table 50, 37 lbs. for velocity, making a 
total loss of '602 + -37 = '972 lb. per square inch, thus 
reducing the effective pressure at the engine to 7 — '972 = 
6*028 lbs. per square inch. 

Example 3. A pair of engines, of the collective power of 180 
horses, with a 5-inch pipe, 40 yards long and 45 lbs. steam, 
would require by Table 62, •0355 x 40 = 1*42 lb. for friction, 
and by .Table 49, '568 for velocity, giving a total loss of 1*42 
-}- • 568 = 1 • 988 — say 2 lbs. per square inch. 

Example 4. Say that the steam of a 20-horse boiler is used 
for evaporating pans or similar work where the velocity is 
uniform, then witibi 45 lbs. steam and 100 yards of 2-inch pipe, 
we should have a loss of (-03464 x 100)+ 2216 = 3*6856 lbs. 
per square inch. 

(165.) With steam of other pressures than 45 or 7 lbs. per 
square inch, the pressure lost must be calculated by Table 51, 
&o. Thus, say we have an engine with a 15-inch cylinder, 3 
feet stroke, making 40 revolutions per minute, and that the 
steam-pipe is 3 inches diameter and 30 yards long, the pressure 
of steam in the boiler being 25 lbs. per square inch. The maxi- 
mum velocity of the piston is 3 x 3 • 14 x 40 = 377 feet per 
minute, or 6*3 feet per second, which with a 3-inch pipe 

6*3 V 15* 
becomes ^ = 157 feet per second, or with '93 for co- 

o 

157 
efficient, -—- = 168 feet per second, in the contraction at entry 

* «/0 

(148), the head due to which is I -— j = 441 feet of steam, 
and the volume of 25 lbs. steam, being by Table 11 = 644 
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441 

timed that of water, we have rrr^ = '^^^ ^<36t of water, or 

044: 

'684 X *4327 = «296 lb. per square incb, as the pressure 
due to velocity only* 

Then the area of the piston being 1*227 feet, we have 
1*227 X 377 = 462 cubic feet of steam per minute as the 
maximum quantity passing through the pipe; and by Table 51 

we shall have for firiction alone •00214x (t^)'x 30 = 1-38 lb. 

per square inch, which added to the head due to velocity makes 
the total loss of pressure "296 -f 1*38 = 1.676 lb. per square 
inch, and the effective pressure at the engine is reduced to 
25 - 1*676 = 23*324 lbs. per square inch. 



CHAPTER V. 



OHIMNETS. 



(166.') The case of a chimney is analogous to that in (141) 
and (145), where we had two columns of equal height but 
unequal density, and we found that the velocity was that due to 
the reduced difference of the two columns. It has been shown 
in (93) that the temperature of the air, &c., in well-arranged 
steam-boiler chimneys is about 550°, and by Table 19 it will be 
found that at that temperature the density of air is almost 
exactly one-half of the density at 62°, and we have, as in Fig« 35, 
a column of air in the chimney, say 80 feet high, weighing only 
half as much as the same height of external air, and motion will 
ensue as in (145) with a velocity due to 80 — 40 = 40 feet head. 
For the purposes of calculation this [head may be represented 
in inches of water, thus the density of air at 62^ being sioth 
that of water, and at 552° i^th a column 80 feet or 960 inches 

, 960 ^ ^^ , 960 ^^, . , 

high will be equal to ^oq = 1 * 17 and TgTn = ' 585 mch re- 
spectively, and the difference is 1*17 — '585 = '585 inch of 
water, see (221). 

Assuming a fixed or standard temperature for the chinmey at 
552°, we have in Table 54 the equivalent differences of pressure 
in inches of water, by which we may calculate the velocities, &c., 
by the rules and Tables 47, 51, &c., &c. 
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Table 54. — Of the Dbaught Powebs of Chimneys, &c, with the 
Internal Air at 552°, and External Air at 62°, and with the 
Damper nearly closed. 



Hefgfatof 

Chimney 

iuFeet 


Draught 

Power In 

Inches of 

Water. 


Theoretical Velocity 
in Feet per Second. 


Height of 

Chimney 

in Feet. 


Draught 

Power in 

Inches of 

Water. 


Theoretical Velocity 
in Feet per Second. 


Gold Air 
entering. 


Hot Air 
at exit. 


Gold Air 
enterii^. 


Hot Ahr 
at exit 


10 
20 
. 80 
40 
50 
60 
70 


•073 
•146 
•219 
•292 
•365 
•438 
•511 


17-8 
25-3 
31 
35-7 
400 
43-8 
473 


35-6 
50-6 
62-0 
71-4 
80-0 
87-6 
94-6 


80 
90 
100 
120 
150 
175 
200 


-585 

•657 

•730 

•876 

1-095 

1-277 

1-460 


50-6 
53-7 
56-5 
62-0 
69-3 
74'8 
80-0 


101-2 
107-4 
113-0 
124 
138^6 
149^6 
160 



We allowed in (90) 300 cubic feet of air at 62° per pound of 
coal ; in passing through the fire this is highly heated and it 
leaves at 1279° (89) and is expanded to about 3^ times its former 
volume (Table 19); from thence to the chunney it is pro- 
gressively cooled to 552°, and becomes reduced to double its 
normal volume, or to 600 cubic feet. If we allow 10 lbs. of coal 
per horse-power, we have to pass 6000 cubic feet up the chimney 
per horse-power per hour. 

(167.) " Bound GhimneysJ'^ — Say we require the power of a 
chunney 80 feet high, 2 feet 9 inches diameter, attached to steam- 
boilers 30 feet long, having flues the same area as the chimney, 
and say 100 feet long in circuit from furnace to chimney. 
It will be seen that we have to determine the discharge of a 
pipe 180 feet or 60 yards long, 2 feet 9 inches diameter, with 
9 head of '585 inch of water by Table 54 and (166). We 
must assume a discharge as in (156), say 100-horse power or 

wx = 10000 cubic feet per minute, which will require 

by the rule in (154) /Q.7 w qq\ 5 = '2211 inch of water for 

£riction alone ; we have to add to this the head due to velocity. 
The diameter being 2 * 75 feet, we have an area of 5 * 94 feet, and 

as we have —^ri— =167 cubic feet per second, the velocity will 

167 
be ^-tqj = 28 feet per second, which by Table 47, with • 93 co- 
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efficient, is due to a head of * 2 inch of water, and the total head 
for lOO-horse power is '2211 -|- '2 = '4:211 inch of water. 
We have, however, '585 inch at disposal, and by (156) or 

(159) this will be equal to ^ — or -njq = 

118-horse power. A chimney of these dimensions is working 
well at Dartford, the consumption of coal being 10 cwt. per 
hour, which allowing 10 lbs. per horse-power, as we assumed in 

(166), is equal to -ta- = 112-horse power. 

(168.) " Square Chimneya.^^ — If the chimney we have just con- 
sidered had been square, the horse-power would have been greater 
in the simple proportion of the areas of a square to a circle, 
see (160). The velocity of discharge is the same in both cases, 
and the quantity discharged is proportional 4k) the respective 
areas, or as '7854 to 1 ; in our example (167), a square chimney 

118 
would have been equal to .notfA = 150-horse power. 

(169.) We shall assume a constant length of circuit of 
flues at 100 feet, this will be too great for small boilers^ but the 
only effect will be to make the chimney rather too powerful for 
such cases. It is expedient to allow a margin for unforeseen 
contingencies, and to give an excess of power in all cases ; the 
damper can be regulated so as to obviate any mischievous 
results from the admission of an excess of air (101). We have 
calculated, Table 55, on these principles, giving the power 
throughout at 75 per cent, of the maximum calculated power, 
thus allowing 25 per cent, for margin. 

Figs. 44 to 46 give elevations of common chimneys of 40, 60, 
and 80 feet height ; care should be taken not to contract the 
channel at the points B, C, D, to less area than the outlet A at 
the top. Mortar should be used for the most part, because 
cement is destroyed by a strong heat, the 4^inch work at the 
top, however, should be in good cement ; with so thin a wall 
the heat is rapidly carried off by the external air, and the cement 
will not be injured. With steam-boilers the heat of the air 
should not exceed 600° (93), and ordinary stock-bricks will 
stand that temperature well, but with reverberatory and other 
brick furnaces (78), the air is at a temperature of about 2250°, 
and for such cases the chimney should be lined with fire-brick 
throughout, and as the cohesion of mortar is soon destroyed with 
such high temperatures, there should be wrought-iron bands 
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EITBCIT OF LENGTH OF FLUES TO OHIMNETS. 



round the ontdde at regular distances &om top to bottom. In 
ordinary chimneTS hoop-iron should be built into the brickwork 
every few courses to form a bond ; and a lightning conductor 
should not be omitted. 

(170.) " Effect of Long and ShoH Flues."— The effect of dif- 
ferent lengths of flne is shown by Table 56, in which we have 

Table 66«— Of the Power of a Chihney 60 ft high, 2 ft 9 in. square, 

with Flues of different Lengths. 



Length of 
Fine m Feet 



50 
100 
200 
400 
600 



Hone-power. 



107-6 

100-0 

85-3 

70-8 

62-5 



Length of 
Flue in Feet 



800 
1000 
1500 
2000 



Horse-power. 



56-1 
51-4 
43-3 
35-9 



taken as an example a chimney 60 feet high and 2 feet 9 inches 

square, which by Table 55 with an ordinary flue 100 feet long, 

is equal to 100-horse power ; it will be seen that with' a flue of 

one-half the length, or 50 feet, the power is increased to 

107'6-horse power only, and that with a flue 1000 feet long, 

the power is reduced to one-half nearly. This may be applied 

to other cases, say we required a chimney of 150-horse power, 

with a flue 1000 feet long (from furnace to chimney), this would 

150 
be equal to ,-ft = 300-horse power in Table 55, and might be 

120 feet high and 4 feet square. Again, a chimney of 50-horse 

50 
power, with a flue 400 feet long, must be equal to 7^7^^ = 

70-horse power, in Table 55, and may be 80 feet high and either 
2 feet 6 inches round, or 2 feet 3 inches square, &c., &c. 

(171.) P^det has given rules for the calculation of chimneys, 
by which we have calculated Table 57 ; but we have certainly 
toiown chimneys doing nearly double the work assigned by that 
Table, for instance the chimney at Dartford (167) would be by 
this Table about 60-horse power, whereas our calculation gives 
its maximum power at 118 horses, and as we have shown it is 
really doing 112-horse power satisfactorily. 
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Table 57. — Of the Power of Chimneys to Steam Boilers, according 

to the rules of Peclet. 







Assumed 
Length of 


Height of the Chimney hi Feet 


Hone-power of 
















GhUnn^. 


circuit of 

Flues in 

Feet 


20 


40 


60 


80 


100 


125 


150 


Square. 


Bound. 


Mmimum Size of Chimney in Inches. 


10 


7-8 


45 


18-40 


14 12 


12-95 










20 


16 


65 


23-30 19-73 


18-12 


17-07 








35 


27 


85 


30-73 26-10 


23-83 


22-39 








50 


39 


105 


36-76 


31-17 


28-41 


26-06 25-45 






75 


59 


110 




37-96 


34-56 


32-39^30-88 






100 


78 


110 






39-63 


37-11; 35-35 


34-52 




150 


118 


110 






48-34 


44-19 4303 


41-00 


39-57 


200 


157 


110 






55-55 


51-95 


49-40 


47-04 


45-38 


300 


235 


120 






• • 


• • 


60-23 


57-33 


55-20 


400 


315 


130 






• • 


• t 


• • 


65-97 


63-48 


500 


390 


150 






• • 


• • 


• • 


• • 


70-85 



See Table 55, which agrees better with experience. 



CHAPTER VI. 



ON VAPOURS. 

(172.) Let Fig. 57 be a barometer with a large chamber A, one 
cubic foot in capacity, and let the bore of the tube be very small, 
so that its capacity may be regarded as infinitely small compared 
with that of the chamber ; l£e space A will then be a perfect 
vacuum and the height of the column of mercury at ordinary 
atmospheric pressure will be say 30 inches. Now if a few drops 
of water be introduced into A, vapour will instantly be formed 
from it, filling the chamber and depressing the column B say to 
G, the amount of this depression wUl depend on the temperature 
of A ; by adding mercury at C until that column is raised say 
to D, the column B may be restored to its former level. Now 
the height of the column C B was the measure of ihe atmospheric 
pressure, and as that is supposed to be constant, it is evident 
that a pressure equal to C D is exerted by the vapour in the 
chamber A, thus if D is 1 inch, D B will then be 29 inches 
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only, and as 30 is required to balance the atmospheric pressure, 
the rest must have been made up by the pressure of the vapour 
in A, and is equal in this case to 1 inch of mercury. The ex- 
periments of Begnault give the elasticities or pressure of vapour 
of water at different temperatures as in Table 12 and in column 
4 of Table 58, thus at 212° the boiling-point of water, column C, 
would have been raised to E, at the same level as B, showing 
that at that temperature the elastic force of vapour is equal to 
that of the atmosphere. 

(173.) The weight of water contained in the vapour may now 
be calculated ; the experiments of Begnault and Despretz have 
shown that the weight of a given volume of vapour of water is 
* 623, or nearly |^ the weight of the same volume of air at the 
same temperature and pressure. (See Table 32.) Thus at 132°, 
the weight of a cubic foot of dry air at atmospheric pressure is 
given by column 3 of Table 58 at • 0671 lb., but the force of 
vapour at 132° is 4 * 752 inches of mercury, under which pressure 

air would weigh qq.qo^ = ' 010656 lb. only, therefore 

a cubic foot of vapour wiU be '010656 x '623 = -006639 lb., 
and thus has been calculated column 7 of Table 58. 

(174.) By opening the cock at F we may admit the atmos- 
pheric air; if the space A, Fig. 57, had been a vacuum we 
should of course have then a cubic foot of dry air there, whose 
weight is given by column 2 in Table 58, but vapour being 
present, less than a cubic foot will be required. Say we take 
the case in which the elastic force of the vapour is 15 inches, or 
about half that of the atmosphere. If we assume that the 
relative voliunes and densities of vapour follow the law of 
Marriotte (15) as dry air and gases do (which is not a fact, but 
the correctaess of our deduction will not be affected in this case), 
we shall have a cubic foot of vapour at 15 inches pressure or 
elastic force, and if a piston were fitted into the cube, as at 
Fig. 58, and forced to descend from A to B, the pressure would 
increase from 15 inches at A to 30 inches at B, and the cubic 
foot of vapour would of course be reduced to half a cubic foot, 
its density being doubled and its elastic force increased to that 
of the atmosphere, also the space C above the piston would be a 
vacuum ; if now the cock F were opened the air would fill the 
vacant half cubic foot, and the piston being removed the two 
would intermix with one another, but the relative weights would 
not be altered, the vapour would return to its normal volume 
and pressure of 15 inches of mercury, and the air being dilated 
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Gublo feet 

of Vapour 

from lib. 

of Water at 

its own 
Pressure in 
Column 4. 
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00(N f-H f-H 


2-§ 


1 

g 
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Weight of 
Dry Air 

mixed with 
lib. of 

Vapour, in 
Pounds. 


i-IOOb-OJ-oJOOOOOOSlOCiOOlOOCOOi-ltOO 

00 f^ !-• t> lo CO -* o oj CO -* 1-* •«♦• f-i f-H th 00 c: o g 


CO 00 2<i •<*< 05 (N o 1-H uo i-H 00 ;o -* CO <M !-• rt 

CO t* <M 00 O "* 00 (N Ii !-• ^ 


SATURATED 

inches in tl 


Weight of 
Vapour in 
1 lb. of Air, 
in Pounds. 


OirHOJOOi-HOJl>CO'«t<<-HO»OCOOOOCOO© 
b-COi-Hl^QOCDOO'<*<»OQCt^b-CO»HCOO-^CO.-S _^ 
C0O00<-i<:0C0iM»O(M»Ot>i-H-HI^C0C0C0C<l a ffi 
O O O rH 1-H (M CO "* CO OOi-H i;C (M « :0 ^ (M O cd S 
OOOOOOOOOOrHi-iCMCO-'flXNOOg 


!-• <N 


and Mixtures of Air 
eric Pressure of 29*921 


Weight of a Cubic foot of the Mixture of 
Air and Vapour. 


III 


•<**©t>rHrHt-t>t>C0C<IC5C0C0»0<MC0<M»0O 
0"^C^30(NCOi-<S5"^'^COI^'-H«-iQCCO"Th('«fC^ _^ 
iOQC(M»OCr-<Nt^OOOOOOC't<l^COCOCO'<faO g 
O00l>OC0<NO00l>»OC0O00»O!M0i»O — CO S 

00 r- r- t^ r^ 1^ t» CO CO CO 'o CO o t.o uo "*( ^ >*+< CO 
ooooooooooooooooooo 




^Ot>-Hi-Ht>0b-COC^05COCO»0<NCO(M»CO 
© r*^ (N 00 (M CO »0 C5 ""^ r*^ CO l> i-H 1-H 00 CO r*^ TJH (M ^ 
C0'^C000(MC0C<10i0ii-HC0"^t^'*C0Or-lir3Q0 O 
OOOO^r-i(NC<lC0>«C000OC0C0©ir?O"5 C 
O O O O O O O O O O O O rH «-i i-H (M (M CO CO 
OOOOOOOOOOOOOOOOOOO 




f Water, 
' Atmosphi 


Weight of 
the Air in 


C<I'«t<COb-b-CO'<!HOJrHCi>«t<-^t-COOOO»OCiO 
O 00 CO -<*< (N O 00 «C CO OJ CO C<I b- <N CO QC O O O ^ 
00 b- t* r^ t> t> CO CO CO >« UO lO 7+< <«tl CO C^ (M r-l O CO 
OOOOOOOOOOOOOOOOOOO w 




, Vapour o 
;he ordinarj^ 


3 Force 
Air in 


ndVa- 
1 inches 
jcury. 


Or*<COOCOCiO>«0005COf-H(NCOi-HCOi-HO 
'^UOCOOCOC<1(M000500»«0(NCOCOOI>0 ^ 
t> CO O CO r-l 00 "* 00 r-l CO f-H b- Ci 00 r-l C5 O >«t< O g' 


Elastii 

of the 

the Mi 

Airai 
pour ii 

of Me 


<M(N(M(M(M<N(N(N(N(N<N(N(Ni-«f-ii-li-t 


Table 68.— Of the Weight of Air 
different Temperatures, under 1 


Elastic Force 
of Vapour 
in Inches of 

Mercury. 

Begnault. 


^Ht^-OOCOiOC^rHCOi-fi-^fNOOCSOOOOOO^ 

00 CO 00 UO 00 Oi O CO CO <N O CO CO O >« CO <N UO !N ^ 

i-i c<i CO >« t> o o o t> CO t> r-i oa o r» 05 00 Th o ^ 


i-li-l©q<MCO'*COt^OC<10 05'«t*C5 

f-H f-H r-i f-H (M C^ 


Weight of a 

Cubic foot of 

Dry Air at 

different 

Temperatures 

in Pounds. 


l> !-• CO i-l l> CO O l> -^ (N i-l O 05 00 00 00 05 O <-H ^ 
O 05 b-CO -*! CO (M O Oi 00 t> CO -^ eO <N 1-H O O Oi Ci 

00 r- 1> i> i> r^ i> i> CO CO CO CO CO CO CO ;o CO CO >« © 

OOOOOOOOOOOOOOOOOOO ^ 






Dry Air at 
different 
Tempera- 
tures, the 
Volume at 32° 
being 1' 000. 


OOi-lFHC^(M(MC0C0-t*^'^»^»0»0C0C0l>b- 

o (M thco ooo (M th CO 00 o -M f CO 00 o 2!:ajco ^ 

OOOOO^r-l»H r-lrH<?l<N<N2^ (NCOOOCOCO ^ 




Temp. 
Fahr. 




C<l <N (M (N <M ^ (N C<1(N C^ Cq (N C<l (N <N <M (M <N <N ^ 

OCOTtliO COt>OOOiO r- (?1 CO-t< iC CO C^OO 55 0— • S^ 



H 2 



100 EYAPOBATION IN OPEN AIB. 

to double its normal yolume and reduced to half its normal 
density and pressure, or to 15 inches of mercury also. 

(175.) In all cases the sum of the elastic forces of the vapour 
and air will be equal to the atmospheric pressure, the vapour 
taking sIwbjb the force due to its temperature as per column 4 
in Table 58, and^the air making up the complement. 

(176.) Betuming to our former illustration; — at 182° the 
vapour had a force of 4*752 inches, the pressure of the air in 
that case therefore must be 29 * 921 - 4 * 752 = 25 * 169 inches and 

a cubic foot of air at that density would weigh qqTqoi = 

* 0564 lb., and thus column 6 in Table 58 has been calculated. 
The total weight will of course be the sum of the separate 
weights or -006639 + -0564 = -063039 lb., so that a pound of 

x_ X :. . .11 X . -006639 • ,^^, ,' ^ 
saturated air will oontam Qgg. = - 11771 lb. of vapour, 

and a pound of vapour will saturate .qqqqqq = 8*49 lbs. of dry 
air, and so of the rest as per columns 8, 9, and 10, in Table 58. 
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(177.) " Evaporation in Open Air,** — When a liquid such as 
water is freely exposed to the atmosphere, the stratum of air in 
contact with its surface beccmos charged with vapour, and 
thereby becomes lighter than before ; thus at 72^ a cubic foot 
of dry air by Table 58 weighs • 0747 lb., but a cubic foot of 
air saturated with vapour (col. 8) weighs only "073921 lb., it 
therefore rises and is replaced by dry air, which in its turn 
becomes similarly charged and bears off its load of moisture, 
and so the process continues. 

If the air were saturated with moisture to begin with, it 
could obviously carry no more, and evaporation would cease, but 
if it were only partially saturated the process would proceed, 
but more slowly. Thus if we had air at 62"^ in contact with 
water at the same temperature, and if the wet-bulb thermometer 
stood at 52°, showing by Table 60 that the air was haK satu- 
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rated, it is eyident that each cubic foot of air could carry off 
only half the load of moisture, having already haK its load to 
begin with. 

(178.) In nature the air is never perfectly dry ; in winter it 
is frequently quite saturated ; when it contains about 85 to 90 
per cent, of the moisture that would saturate it we consider it 
damp, 65 per cent, we call dry, 50 per cent, very dry, and even 
when extremely dry to our feelings it still contains about 85 to 
40 per cent. It is matter of common observation that the 
humidity varies greatly with the season of the year and the 
hour of the day ; the following Table, by Kaemtz, is the result 
of hourly observation at Halle, and it shows that August is the 
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• • 
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68-5 











driest month, air then containing on the average of day and 
night 66*1 per cent, of the moisture that would saturate it ; 
in the middle of the day when the air is very dry it contains 
only 49 • 1 per cent., &c. 

Li summer the hour of greatest dryness is between 2 and 
8 P.M., and in winter between 1 and 2 p.m. The hour of 
greatest dampness is in summer between 4 and 5 a.m., and in 
winter between 6 and 7 a.m. The Table shows, that taking 
the average of the whole year, day and night, air contains 
76*2 per cent, or is rather more than fths saturated with 
moisture. 

(179.) "Effect of Motion in the Air" — In perfectly calm air 
motion ensues only from the change in density produced by the 
presence of vapour in the air as we have seen (177), the air 
charged with moisture ascending vertically. If that motion be 
prevented by a cover, even a loosely fitting one, the confined 
air soon becomes fully saturated, and not being able to get 
away with its load, evaporation ceases, and in any case, even if 
the air be allowed to rise, the motion is very slow, and is 
retarded by the dry air descending to replace it ; but with a 
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wind the Btratnm of air in contact with the water moves off 
rapidly horizontally, not waiting to' be folly saturated, but 
taking only a small percentage of that amount. When air 
moderately dry comes in contact with a surface of water it 
absorbs moisture at first with avidity, but as it becomes 
saturated the process proceeds more and more slowly; evi- 
dently, therefore, the more rapidly the air is renewed, the 
more rapidly the evaporation proceeds. 

(180.) ^^ Effect of Temperaiure,^^ — Supposing always that the 
air and the water have one and the same temperature, the higher 
that temperature the more rapidly evaporation will proceed, 
and for two reasons, first, the weight of vapour which a cubic 
foot of air can carry increases rapidly with the temperature ; 
Table 58 shows (in col. 7) that at 42° air contains -00044 lb., 
but at 82°, '001667 lb., or four times the quantity ; and then the 
difference of density being greater (col. 8) at the higher tempe- 
rature, the ascensional power is greater and the vapour rises 
more quickly. 

As evaporation takes place only at the surface, it is obvious 
that with a given volume of water, the greater the surface the 
more rapidly will any required percentage of it be evaporated. 

(181.) Collecting these results, we find that evaporation in 
the open air proceeds more rapidly : 

1st, as the surface exposed is more extended. 

2nd, as the temperature of the air, or the water, or both is 
increased. 

3rd, as the dryness of the air is increased. 

4th, as the air is most strongly agitated, or moved as wind. 

(182.) " Evaporation at High Temperatures hat below Boiling- 
point.^* — We have so far considered the case in which the water 
and the air had the same temperature ; we will now investigate 
the phenomena of evaporation with open vessels heated by a 
fire beneath or otherwise. The experiments of Dalton, made 
with a vessel 8 J inches diameter and water at 212°, gave the 
evaporation at 80 grains per minute in calm air, and 40 grains 
in a moderate draught such as is obtained over a common fire 
with an open chimney. 

He also found that the amount evaporated at temperatures 
lower than 212°, was proportional to the force of vapour at the 
two temperatures ; the amount found by experiment is given by 
the following Table, and we have added from Table 12 the 
force of vapour for comparison ; it will be seen, that the amount 
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evaporated, is nearly proportional to the force of the vapour at 
each temperature. 

(183.) But strictly, the amount evaporated is proportional to 
the difference of the elastic force of vapour at the given tempe- 
rature of the water, and of the elastic force of the vapour actually 
present in the atmosphere. Say we had water and air, both at 
32°, and that the air was saturated with vapour ; then the 
tension of the vapour of water and of the vapour in the air 
being the same, or by Table 12 = '181 inch of mercury, 
evaporation would cease. If now the water was heated to 42°, 
its vapour would have its tension increased to * 267, the air in 
contact with the water would also be raised to 42°, but the 
vapour in it being at first still '181, evaporation would proceed 
in the ratio '267 — '181 = -086, whereas if the air had been 
perfectly dry, the ratio would have been • 267 — = * 267, so 

that only T^an = * 32 or 32 per cent, of the amount due to dry 

air, is evaporated. But the effect of the state of saturation of 

the air becomes very small with high temperatures of water 

and low temperatures of air : for instance, with water at 212° 

and air at 32° the elastic force of water is 29 • 92, and the rate 

of evaporation would be 29 • 92 - • 181 = 29 • 739 with saturated 

air, and 29 • 92 with perfectly dry air, the ratio of the two being 

29 * 739 
o-qToct = '994, or 99*4 per cent, of the amount due with dry 

air ; so that with great differences of temperature, the effect of 
humidity in the air is inappreciable, but where the difference is 
small, it is very influential. 

(184.) In Dalton's experiments (182) the temperature of the 
air is not given, nor its state of humidity, but it will be evident 
from the above that it is not very important, and the results 
may be considered as those due to dry air. The evaporation of 
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30 grams per minute from a vessel 3} inches diameter, is equi- 
valent to 520 grains per minute per square foot, or 81200 grains 
per hour, and admitting that the barometer was at 30 inches, 
and the air dry, we live the rule W = 1040 x D> ia which 
D is the difference of the elastic force of vapour (in Table 12, 
&c.) at the temperature of the water, and of tiie vapour actually 
present in the air. 

(185.) The tension of the vapour present in the air may be 
found £rom the indications of the wet and dry bulb hygrometer 
by Table 60. Thus, say the temperature of the air was 55% 
and of the wet-bulb thermometer 50°, or 5° of cold ; by Table 60 
this would indicate that the amount of vapour in tiie air was 
about 70 per cent, of the amount required to saturate it, which 
by Table 12 is *433 inch ; the tension of the vapour in the air is 

•433 X 70 
therefore — ^^ — =. • 3031, and if the water had also the tem- 
perature of 55°, we should have 1040 x ('433 - -3031) = 135 
grains evaporated per square foot per hour with calm air. 

If the water had been at 65°, and the air still at 55°, and 
containing 70 per cent, of moisture as before, we should have 
1040 X (-617 - -3031) = 326 grains per hour, &c 

If the water had been at 40°, or 15° colder than the air, the 
tension of its vapour would be less than that in the air, and 
moisture would be deposited from the air at the rate of 1040 
X ('3031 — '247) = 58 grains per square foot per hour, &c. 

(186.) Let us assume that we have air at 32° and water at 
the same temperature, and lot us see what happens in evaporating 
one pound of water at a fixed temperature, say 122°, the ambiant 
air being dry. 

By Table 12, the elastic force of vapour at 122° is 3 • 621, 
and that in the air being 0, we have 1040 x (3 * 621 — 0) = 
8766 grains per hour, as per (col. 2) in Table 59, and from this 
we obtain also col. 8 and col. 4. The col. 3 shows that * 538 lb. 
of water will be evaporated per hour, therefore to evaporate one 

pound, we shall require t^oB = 1 * 86 hour. The heat required 

to raise the temperature of the water from 32° to 122° and to 
evaporate it would be by the ordinary rule, (1178 — 32) = 
1146 units, but by the precise rule in (9) it comes out 1081 '4 
+ (-305 X 122) = 1119 units, as per col. 9 in Table 59. 

(187.) But there is a loss of heat by radiation from the 
surface of the heated water, during the 1 * 86 hour occupied by 
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the procesa The value of R for water by Table 71 is 1-0853, 
and by the Bimple rule (267) the loss would be 1*0853 x 
(122 - 32) = 97-677 nmts, but applying the correction of 
Table 80, as explained in (299), we find the ratio with 122 - 
82 = 90° excess to be 1* 163, and the true loss becomes 97- 677 
X 1-163 = 113-6 units per hour, as in (col. 6) Table 59. The 
heat lost by radiation during the 1 * 86 hour is therefore 113 * 6 
X 1-86 = 211 units as per (col. 7). 

There is another loss by tiie air which carries off the vapour, 
for that air has to be raised from 32° to the temperature of the 
water, or to 122°. Table 68 shows (col. 10) that each pound 
of water requires at that temperature 11-65 lbs. of air ; the heat 
thus lost wiU therefore be 11-66 x (122 - 32) x '238 = 
260 units, as per (col. 8) in Table 69. 

(188.) Collecting these results, we have 1119 + 211 + 250 = 

15o0 units of heat to evaporate 1 lb. of water at 122 (col. 10), 

1680 
or TTgg = 849 units per square foot per hour : this varies with 

the temperature of the water, as shown by (col. 11). It will 
also be seen from. (col. 10) that the heat required to evaporate 
a pound of water is not constant, but attains a maximum at 
about 62°. 

Table 69 may be applied to the solution of many practical 
questions, as we shall proceed to show. 

(189.) " Befiigeratora," — In the refrigerators commonly used 

in breweries, &c., a very large surface is necessary, and we can 

calculate the area for any particular case : say we have to cool 

20 barrels, of 36 gallons each, from 202° to 82° in an hour. 

The work to be done is to dissipate 360 x 20 x 120° = 

864000 units per hour. At the commencement, each square 

foot will lose (col. 11) at the rate of 4465 units, but at the last, 

319 units only : taking the loss for each temperature between 

the extremes, we obtain the average of 1511 units per square foot 

.864000 ^„^ 
per hour ; so that we require an area of i^i-. = 570 square 

feet. This is the maximum area for calm air; with a very 
moderate breeze, such as may mostly be reckoned on, the area 

might be reduced (182) to jk — = 397 square feet. 

There must be free passage allowed for the dry air to enter, 
and the vapour to depart, &c. ; the volume of dry air required 
is very great; taking a mean from 82° to 202° (col. 12), we find 
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that we require 142 cubic feet per pound of water evaporated, 
the mean quantity evaporated is 1 • 283 lb. per square foot per 
hour, in our case 1*283 x 570 = 731 lbs. is evaporated, which 
will require 731 x 142 = 103802 cubic feet of air. 

(190.) " Evap&i'oting Pans." — In concentrating syrups, and in 
many chemical operations, it is frequently essential that evapo- 
ration should be carried on at low temperatures, because high 
temperatures would injure the product operated on. For such 
cases the evaporating pan must expose a large area, and must 
have no cover (179), the depth is unimportant ; say we had to 
evaporate to one-half 10 gallons per hour, that is to say, 
5 gallons or 50 lbs. had to be evaporated at a temperature not 
exceeding 162°, Table 69 shows (col. 3) that at 152° the loss 
is 1*1783 lb. per square foot per hour; we shall therefore 

require jti 700 = ^2 square feet, say 6 feet x 7 feet, or, if 

circular, about 7 feet 6 inches diameter. The heat required to 
do the work is by (col. 10) 1392 x 50 = 69600 units, which 

may be obtained by a fire beneath, consiuning "z»aaa" = 11*6 lbs. 

of coal, and a fire-grate about 1 foot square, allowing 6000 units 
per pound of coal, which is about the economic value of coals 
for such a case. (See Table 31.) 

(191.) " Evaporation at the Boiling-point." — ^When a liquid is 
not injured by a high temperature. Table 59 shows that evapo- 
ration by boiling is the most economical of all; thus water 
requires only 1209 units per pound, if the surface is exposed ; 
but if a cover be used, to avoid the loss by radiation, and to 
which there is no objection as at lower temperatures, the heat is 
reduced to 1209 — 63 = 1146 units. In this case a large sur- 
face is not necessary, the pan may have any convenient form, 
such as Figs. 59 or 60. Say we take a pan like Fig. 60, with a 
double or steam case, &c., containing 100 gallons of water, and 
having the dimensions given by Table 64 ; the area in conta^ 
with the water is about 17 square feet, and with 25 lbs. steanl, 
having by Table 11 a temperature of 267°, the difference of 
temperature between the steam and boiling-water would be 
267 — 212 = 65°. Say we require to know the quantity of 
water at 212°, that would be evaporated in 15 minutes. 

By (237) we may admit the evaporative power of a steam- 
cased vessel to be 330 units for 1° difference in temperature per 
square foot, and the latent heat of steam at 212° being 966, we 
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shall therefore evaporate wg/, = 320 lbs. of water 

320 
per hour, or — r- = 80 lbs., or 8 gallons in 15 minutes. 

(192.) We have here supposed that the water was at 212°, or 

the boiling-point, to begin with: if it had a low temperature, 

the case would have been different. Say that the water was at 

42°, and we require to know what quantity of water would be 

evaporated from that temperature in an hour. To raise 100 

gallons, or 1000 lbs., of water from 42° to 212°, will require 

1000 X (212 — 42) = 170000 units of heat ; the mean tempera- 

42 + 212 
ture of the water while being heated will be U = 127°, 

and the difference between the temperature of the steam and the 
water will be 267 — 127 = 140°, and with 17 square feet of area 

the time to raise the water to 212° would be ^kk — -.in — r,^ = 

330 X 140 X 17 

•216 hour, so that only 1 - -216 = -784 hour would be left 

to do the evaporation work, and the quantity evaporated would be 

330x55xl7x '784 

Q^« = 250 lbs., or 25 gallons evaporated to 

steam. Other forms of apparatus would give different results : 
see (231), (237), &c. 

(193.) " Condensation Beservoira to Steam-engines, &cr — Say, 
we take the case of an engine working 24 hours per day, and 
assume that the temperature of the water for condensation shall 
be 82°, and the air at 32°. Admitting that a cubic foot of 
water evaporated is equal to one horse-power, and that the 
temperature of that water taken from the hot well of the air- 
pump is 40° higher than the condensation water, or 122°, we 
shall have (1178-122) x 62*3 = 65789 units of heat per 
hour per horse-power to consume or dissipate. The watei 
enters at one end of the reservoir at 122° and departs to the 
engine at the other end at 82°, and is gradually cooled down 40° 
in its passage ; by (col 11) of Table 59, the rate of loss at 82°, 
92°, 102°, 112°, and 122°, are respectively 319, 415, 533, 671, 
and 849 units per hour, the mean is 557 units, and we shall 

therefore require ^^„ =118 square feet of surface per horse- 
power for an engine working night and day. The depth in 
such a case is quite unimportant ; but if the engine is to work 
only 12 hours per day, the surface area might be reduced, 
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becanse the water would cool during the night, and in that case 
depth or capacity becomes a necessity, as we will proceed to 
show. 

(194.) Let ns assume : that 82° shall still be the mean 
temperature of the condensation water ; this however will not 
be uniform, it will be lowest in the morning, after cooling down 
all night, rising all day till it reaches its maximum at the end 
of the day's work. 

If we admit a variation of 10° each way, we shall have 72° 

and 92° for the minimum and maximum temperatures of the 

condensation water. The diflference of the temperatures of the 

water entering from the engine, and departing to it, will 

still be 40^", for if the engine receives the water 10° colder, it 

will return it 10° colder also, so that in the morning at starting 

the water in the reservoir will be 72° at one end, and 112° at 

the other, and at night, 92° and 132°. The mean loss per 

square foot by (col. 11) Table 59, from 72° to 112°, is 435 

units, and from 92° to 132° it is 707 units ; the mean loss during 

, 435 + 707 
the day is therefore q = 571 units. During the night 

the temperature wiU be uniform from end to end, being 

92-1-132 72-1-112 

— -^ = 112° at first, and —-^ = 92° at last; the loss 

per square foot is, by (col. 11), 239, 319, and 415 units, the 

mean being 324 units per square foot per hour. 

The total heat given out by the engine in the 12 working 

hours, or 65789 x 12 = 789468 units, has to be divided into 

two imequal parts, having the ratio of 571 and 324, hence we 

789468 X 571 ,^«,^^ . ^ ,...,,. 

^® ^71 -L ^94 ~ 503600 units to be dissipated durmg 

, , 503600 ,^^^^ . , , ,^ ,, 

the day, or — w „ — = 42000 units jper hour, and we shall 

require -^t^n-r = 73 square feet of surface per horse-power. 

The question now is, what must be the capacity of the 
reservoir, or the quantity of water to hold the heat which 
accumulates during the day, or 789468 - 503600 = 285868 

. -. o^o ^ .. . 285868 

units. The water bemg raised 20 , we shall require — qq— = 

14293 
14293 pounds, or /•oTo = 232 cubic feet of water, and as we 
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m^ 232 

haye an area of 73 square feet, the depth would be ,^q- 3 * 2 feet, 

if the reservoir has yertical sides, &c. ; with sloping sides of 
course the depth would be greats, which is a matter of cal- 
culation. 

(195.) We find from this investigation that when an engine 
works day and flight the depth is unimportant, and that we 
require 118 sqiUtfe feet of sxirfjEtce per horse-power ; when the 
engine works only 12 hours per day, 73 square leet will suffice, 
but in that case the depth must be such as to give 232 cubic 
feet of water per hoiree-power. 

There will be some advantage in making' the reservoir larger 
than these dimensioni where convenient, the water will be cooler 
in that case and a better vacuum obtained. The following 
Table gives the particulars of reservoirs in practice, and it 
shows that reservoirs are frequently made larger than are 
absolutely necessary for the temperatures, &c., we have 
assumed* 





Nominal 
Horse- 
power. 


Surface Area in Sqaare ftet 


Capacity in Cubic feet 




ActOaL 


Calculated. 


for 12 hours per Day. 




24 hours. 


12 hours. 


Actual. 


Calculatrd. 


Brighton 
Sutton . . 
Barasgate 
Sevenoaks . . 


100 
40 
30 
20 


14464 
4500 
3240 
2240 


11800 
4720 
3540 
2360 


14600* 
2900 
2190 
1460 


87884 

14742 

9228 

7152 


46400* 
9280 
6900 
4640 



(196.) " Cold produced hy Evaporation" — If we cover the 
bulb of a thermometer with muslin, &c., saturated with water, 
a considerable amount of cold will be produced, varying with 
the temperature of the air and the dryness of the atmosphere : 
see Table 60. Say we take the case of a summer day, with air 
and water at 72°, and that the wet bulb shows 62°, or 10° of 
cold. This shows that the film of water is cooled 10°, and the 
air which carries off the vapour must be reduced to the same 
temperature as the vapour, and thus it supplies the greater 
part of the heat required to vapourize the water. 

The heat which becomes latent in vapourizing a pound of 
water at 62° is by the ordinary rule, 1178 — 62 = 1116 units, 

♦ One engine working 24 hours per day, or two 12 hours. 
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Table 60.— Of the Indications of the Htorombtee (Dry and 
Wet-bulb), ftom. Mr. Glaisheb's Observations at Greenwich. 
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sdA ae the water itself only yields 10 nnita, the air mast supply 
the rest, or 1106 unite, and the specific heat of air being -238, 

we shall require -.n^a = 4650 lbs., or jjsjy = 62250 cubic 
feet of air cooled 10° per pound of water. Each cubic foot 
bears off only 50050 - '000016 of a ponnd of water, or about 
-p^tb part of tbo vapour required to saturate it, and hence it 
may happen that air ^tcr having xia^^sed over a large surface of 
water is only slightly charged with moisture. The quantity 
of air thus required is so great, that except with a wind, the 
process of evaporation proceeds very slowly ; the observations 
of Mr, MiUer give on an average of sii years a yoarly evapora- 
tion of 30 inches and a Tnarimiim of 4 ' 5 incbes in a month, as 
per Table 61. 
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Table 61.-r0f the Evaporation of Wateb at Natubal Tempeba- 
TUBBS, fiom observations at Whitehaven by Mr. Milleb. 

Lushes. 



Jannaiy *880 

February 1*042 

March 1-770 

April 2-535 

May 4146 

June 4-547 

July 4-200 



Inches. 
3-398 
3 174 



August 

September 

October 1^930 

November 1^322 

December 1-087 



Total 



30-032 



Note. — ^The above is the mean of six years, during which the mean rain- 
fall was 45-255 inches. 

(197.) " Dryness of Air increased by Heat" — The capacity of 
air for carrying vapour increases very rapidly with the tempe- 
rature, as is shown by Table 58, so that, for instance, if air at 
82^ saturated with moisture, and holding in suspension * 00379 lb. 
of vapour per lb. of air, be suddenly heated to 42^, it will no 
longer be saturated, because at this latter temperature it could 

•00379 
hold '00561 lb.; it has therefore only Tqqkqi = *68, or 68 per 

cent, of the vapour that would saturate it, and would show by 
Table 60, about 37°, or 42 - 37 = 5° of cold on the wet-bulb 
thermometer. 

The whole philosophy of drying and evaporation by heated 
air turns on this fact ; in our dwellings too the damp air 
entering them is not only warmed, but is at the same time 
converted from damp to dry air, and our sense of comfort arises 
from both causes. 

If air at 32° and saturated with moisture be successively raised 
as per Table 62 to 72°, we should obtain the given indications 

Table 62. 





Temp, of 


Temp, of 
Wet Bulb. 


Cold. 


Degree of 








Air. 


Saturation. 








3°2 


3^2 


o 



1-00 


Saturated. 






42 


37 


5 


•68 


Dry. 






62 


42 


10 


•46 


Very dry. 






62 


46 


16 


•32 








72 


49 


23 


•23 


Intensely dry. 





of the hygrometer, and the corresponding dryness; but to 
obtain this result the air must be prevented from absorbing 
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moistnre from surronnding objects, whicli it would do with 
great avidity. 

{198.) With open fires, such as are commonly used in this 
country, we seldom get an objectionable degree of dryness, the 
air Usdf is seldom raised to a high temperature, because the 
only useful heat given out by an open fire is radiant heat, which 
passes through Sie air without raising its temperature (268) 
(298), and is absorbed by the walls, which afterwards heat the 
air moderately. 

Besides, the quantity of air drawn in by the open throat of 
the chimney is so great, that the dryness is kept down by the 
large volume of damp air passing through the room. But with 
close stoves, the air becomes much more highly heated, and the 
quantity used is diminished, and a very objectionable amount of 
dryness would ensue, if means were not taken to prevent it. 
This is usually done by placing a vessel of water on the stove, 
where it becomes heated, and gives out vapour copiously. 

(199.) " Evaporating Vessels for Stoves^ ^c." — Say we take the 

case of a stove in which 40 lbs. of coals are burnt per 10 hours, 

and that we have a vessel half a square foot in area placed on 

it, and maintained at 122°, while i3ie air in the room was 62^, 

and external air at 32° : 4 lbs. of coals per hour will require 

4 X 300 = 1200 cubic feet, or 91-3 lbs. of air, which at 32° 

will contain by Table 58, -00379 x 91-3 = -346 lb. of vapour. 

But during the hour, the small evaporating vessel will add by 

Table 59 (col. 3), -538 x '5 = -269 lb. of vapour, and we 

shall then have • 346 -|- ' 269 = • 615 lb. of vapour, whereas 

91 3 lbs. of air at 62° would require by Table 58 (col. 9), 

•01179 X 91-3 = 1*0764 lb. to saturate it; it therefore holds 

•615 
1 • 07fi4 ~ '57 or 57 per cent, instead of '32 only as per 

Table 62, which last would be extremely and very uncomfort- 
ably dry. 

With a vessel of double area, we should have had * 538 lbs. 

of vapour, and the air would then have contained — TT ^ra 

= • 82 or 82 per cent., which would have been too damp, &c. 
The same result might have been obtained by placing the small 
vessel in a position where it would have been more highly 
heated, until its evaporating power was doubled, which by Table 
59 would have been at about 152°. 

With an open fire, each pound of coal consumes and passes 

I 
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unooDSiimocl up the open ohiinney, about 6 times the amount of 
air that ooal burnt in a stove requires, and the dryness is thereby 
reduoed. 

(200.) ''Evaporation bn an ArUficiai Current of Air.''— We 
haye seen that a draught or wind causes a more rapid evapora- 
tion, the reason for which is explained in (179), &o. ; Dalton 
supposes, that in a very strong current, the rate of OYaporation 
woidd be double that in calm air. The movement of the air 
might be effected by a fan, or other mechanical means, or tho 
air used by the fire under the evaporating pan, where that mode 
of heating is adopted, might be made to pass over the surface 
before it enters the fire. Taking the case of evaporation at 142°, 
Table 69 shows (col. 12) that at that temperature, 77 cubic feet 
of air and 1445 units of heat are required, and admitting that a 
pound of coals requires 800 cubic feet of air, we shall require 

1446 
for the evaporation of a pound of water at 142° about gnAQ 

s -241 lb. of coal, and *241 x 800 = 72 cubic feet of air, so 
that in this case the air required for combustion a^id for evapor- 
ation, is nearly the same. But at lower temperatures. Table 69 
(cd. 12) shows that a much greater volume of air is necessary ; 
for instance, at 92° about 6 times as much as at 142°, while the 
quantity of heat and of coals varies within very narrow limits ; 
so that for temperatures above 152° this plan would answer, but 
not for lower temperatures. If we allow that the air in passing 
over the surface of the water should be only AoZ/^saturated, 
162° would be the limit, for at that temperature by (col. 12), 39 
feet of saturated, or 39 x 2 = 78 feet of half-saturated air, 
would suffice for the evaporation, being the same as the amount 
for combustion, which we found to be 72 cubic feet. 
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DISTILLATION. 



(201.) It will be seen by Table 9, that the boiling-point of 
liquids differs considerably, for instance, water boils at 212°, 
and alcohol at 173° ; if a mixture of these two fluids is heated 
to 173°, the alcohol in it would rise in vapour, leaving the 
water behind, and thus in theory the whole of the alcohol might 
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be separated, and the whole of the water remam. But practi- 
cally, it is found that part of the water becomes entangled with 
the i^coholic vapour, and passes away with it ; by repeating the 
process, however, the alcohol may be obtained almost pure. 

(202.) The vapour thus evaporated is conducted into a 
remgerator, where it is condensed and restored to the liquid 
Btate again. The distilling apparatus consists therefore essen- 
tially of a closed evaporating vessel, and a condensing vessel, 
connected together by a pipe to conduct the vapour. The 
evaporator might be heated direct by the fire, or by steam-pipes 
circulating through the liquid to be evaporated, <&c. 

(203.) The quantity of heat necessary to evaporate a given 
quantity of alcohol may be easily calculated ; say we required 
the quantity of coals necessary to evaporate 30 gallons of alcohol 
from 62°. A gallon of water weighs 10 lbs., and by Table 46 
we see that the specific gravity of alcohol is *813, therefore in 
our case the weight of alcohol is 30 x 10 X '813 = 244 lbs., 
which will require by Table 1, 244 x '622 x (173° - 62°) = 
4646 units of heat to raise it from 62° to 173°, the boiling-point ; 
to evaporate it we shall require by Table 8, 244 x 457 = 
111508 units more, or altogether, 4646 + 111508 = 116154 
units, and taking the economic value of a pound of coals at 6000 

units, we shall require ^^^^v = 19*4 lbs. of coal to do the 

whole work ; and if it had to be done in an hour, the fire-grate 
should have an area (120) of about 1^ square foot, and the work 
being about 2-horse power with that consumption of fuel, we 
should require (113) about 20 feet effective heating surfiBLce in 
the boiler, or body of the still exposed to the fire, &c. This 
calculation is for the distillation of alcohol, when it is mixed 
with foreign bodies, from which we desire to separate it. 

(204.) In this country, alcohol is commonly distilled from 
wort made by the infusion of barley, it contains about 10 per 
cent, of alcohol ; by the evaporation of this to one-half, nearly 
the whole of the spirit passes over, the liquor thus obtained 
being composed of ^th spirit and f ths water. Say we had a 
still containing 100 gallons of wort, we should obtain by the 
first distillation 50 gallons of liquor, composed of 10 gallons of 
alcohol and 40 gallons of water. The heat required and the 
size of the apparatus may be easily calculated, the work to be 
done being composed of three portions, namely, to raise 10 gallons 
of alcohol from 60° and evaporate it ; to raise 40 gallons of 
water which passes over with it, from 60° and evaporate it, — and 

I 2 
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to raise tlie 50 gallons whicli remain in the still at the end of 
the operation from 60° to 212°, We will assume that this work 
has to be done in an hour. 

r205.) The alcohol will weigh 10 x 10 x -813 = 81-3 lbs., 
and the sum of the latent and sensible heats being always the 
same (8), a pound of alcohol at 60° will require (173 — 60) x 
'622 + 457 = 527 units, and in our case we have 527 x 81-3 
= 42845 units for the alcohol. A pound of water requires 1178 
- 60 = 1118 units, or in our case, 1118 x 400 = 447200 units ; 
and the water remaining in the still (212 - 60) x 500 = 76000 
units, giving a total of 42845 + 447200 + 76000 = 566045 
units. We may fix the size of the boiler, &c., by analogy, with 
a steam-boiler doing the same amount of work. By (48), we see 
that about 70000 units are required per horse-power, the work in 

OUT case is therefore S = S-horse power, we xnnst therefore 

have by (113) and Table 38, say 16 x 8 = 128 square feet of 

128 
effective fire-surface ; the fire-grate by (120) must be y^ = 7*1 

square feet, and the consumption of fuel will be 7 * 1 X 14 = 
99 • 4 lbs. of coals. 

^206.) The fuel may be economized by heating the wort 
beiorehand by the heat given out in the refrigerator, where the 
alcoholic vapours are condensed. Assuming the boiling tem- 
perature at 200°, to raise the 10 gallons of alcohol from 60° 
will require (200 - 60) x ' 622 x 81 • 3 = 7080 units, and to 
heat 90 gallons of water requires (200 - 60) x 900 = 126000 
units, altogether 7080 + 126000 = 133080 units, which is equal 

. ^ ^ 133080x99-4 ^ . „ « , , ,, 

by proportion to ^^fifi04.^ ~ coals nearly, the 

consumption being thereby reduced to 99*4 — 24 = 75*4 lbs. 

(207.) " Condensing Apparatus" — It is obvious that the 
apparatus we have described in (230), &c., for heating liquids 
by vapour, may be applied equally for the condensation of 
vapour in the process of distillation, and the sizes necessary in 
any particular case may be determined by the same rules. 

The most common form of condenser is the worm in a tub of 
cold water, as in Fig. 61 and (232) ; taking the case (205) we 
may determine the length and diameter of the helix, and the 
quantity of cold water necessary to eflfect the condensation. The 
temperature of the water used will be about the same as that of 
the atmosphere, taking the hottest month we find, by Table 63, 
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Table 63. — Of the Mean Temperatubb of every Tenth Day in the 

Year in the Central District of England. 





1st. 


nth. 


21st. 


July ,. .. 


1st. 


nth. 


21st. 


January 


36-5 


3§-6 


o 
371 


61-2 


61-5 


62-0 


February .. 


37-2 


37-5 


38-5 


August 


62-5 


61-7 


60-6 


March .. 


40-1 


41-0 


41-9 


September.. 


58-8 


57-4 


65-5 


April .. .. 


43-6 


45-0 


47-0 


October 


53-5 


61-4 


49-0 


May .. .. 


50-0 


51-3 


53-8 


November . . 


46-4 


44-0 


42-0 


June .. 


56-4 


57-5 


59-8 


December .. 


41-7 


40-2 


38-4 



the mean temperature of July and August to be say 62^ ; it may 

depart at 102% its mean temperature therefore is 82°, and that 

of the vapour being say 202% the difference is 202° - 82° = 120°. 

Admitting 320 units per square foot of surface per hour for 1° 

difference as in (232), we have in our case 320 x 120 = 38400 

42845 + 447200 
umts for 120°, and shall require oftZof) =12*7 square 

feet of surface ; if the pipe is 1 J diameter outside, its circum- 

12-7 
ference is • 325 foot, and the length must be ^k^k = 4:0 feet, 

and the diameter of the helix being say 2 feet or 6 * 3 feet circum- 

40 
ference, we should have ^70 = 6 * 35 coils* 

(208.) If the temperature of the water in the tub was the same 
throughout the mass, namely, 82°, we should evidently require 
42845 4- 447200 
^82^~ir62°W~fiO ~ ^^®'' or 40' 8 gallons of cold water per 

minute. But the water would not naturally have a uniform 

temperature, indeed it would require continued stirring to make 

it so, the water at the bottom (where it should enter) will be 

nearly cold or 62°, in the middle it will be 82° as we have 

assumed, and therefore at the top it must be about 102, and if 

the outlet pipe be taken from that part, as it ought to be, we 

. .. . . 42845 + 447200 ^^, „ ^^ , „ 

should only require /1 qq _ 69\ v 60 ~ ' or 20 "4 gallons 

per minute. There is a further advantage too by this arrange- 
ment, the alcohol departing from the lowest coil, is cooled down 
almost to atmospheric temperature, and accidental losses of 
alcoholic vapour are reduced in amount. 
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CHAPTEE IX. 



ON DRYING. 



(209.) " Drying in Open Air J* — This is tlie commonest and 
cheapest mode of all, bnt in our climate it is too uncertain to 
be depended on for many manufacturing purposes ; it is fre- 
quently used however in drying paper, glue, whiting, &c. In 
such cases a covered building is used to keep off the rain, the 
sides being open to admit the air freely, but shutters are pro- 
vided to keep out the air as much as possible on damp days. 
The rate of drying varies exceedingly, see (177) to (181) ; 
generally the air is only about half-saturated with humidity, 
and drying proceeds rapidly, especially with a wind; but in 
winter it is often completely saturated, and the drying process is 
completely suspended. The laws by which drying is governed 
are explained in the chapter on evaporation. 

(210.) ^^ Drying hy Heated Air J" — The capacity of air for 
moisture increases rapidly with the temperature, as we have 
shown in (197), and the efficacy of hot-air drying depends on 
that fact. The philosophy of the process will be best under- 
stood by an illustration. 

Let Fig. 67 be a drying-closet, in which the air entering at 
the bottom becomes highly heated by contact with the steam- 
pipes, and rising through the closet, finally escapes by the 
chimney at the top. Say we had 10 lbs. of water to evaporate 
from 42°; that the external air of a November day was 42° 
(see Table 63) and completely saturated with moisture, the exit 
temperature being say 102°, and let us admit for illustration that 
the air at exit is only AaZ/*-saturated with moisture. 

Now every pound of air at entry and at 42°, is by col. 9 of 

Table 58 charged with '00561 lb. of water, and at its exit at 

• 04547 
102° with '04547 lb. if saturated, but in our case — « — = 

• 02273 lb. only ; it therefore takes up in its passage • 02273 — 
•00561 = -01712 lb. of water, and to carry off 10 lbs. we shall 

require .Qiyfb = ^^^ l^s* of air. 

(211.) To evaporate 10 lbs. of water from 42° requires by (8) 
1178 - 42 X 10 = 11360 units of heat, or the amount that 
would raise 11360 lbs. of water 1°, and the specific heat of air 
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(3) being -238, this is equal to -T^gg" = 47731 lbs. of air 1°. 

But we haye only 584 lbs. of air to do the work required, it 

47731 
must therefore be heated -kot- = 82°, and the air must enter 

the closet at 102 + 82 = 184°. 

Thus we have 584 lbs. of air, heated from 42° to 184°, 
which coming in contact with the wet clothes is cooled down to 
102°, the heat thus parted with serving to evaporate the 10 lbs. 
of water. 

The total quantity of heat expended in the process is not 
only the 11360 units required to evaporate the water, but also 
that required to raise 584 lbs. of air from 42° to 102°, which 
is equal to 584 x (102 — 42) = 8340 units, making a total of 
11360 + 8340 = 19700 units. 

(212.) " Position of Outlet-opening, etc." — In Fig. 67 we have 
shown the common mode of arranging the inlet and outlet 
openings, but the plan is a very bad one, as may be seen in the 
chapter on ventilation (317, &c.) ; the heated air takes the shortest 
course to the chimney, and escapes only partially saturated 
with moisture, and in those parts of the drying-room out of the 
course of the current the drying process proceeds very slowly. 
If instead of entering by numerous openings uniformly distri- 
buted as in the Figure, the air entered at one place, the case 
would be still worse. 

(213.) The best position for the outlet opening is near the 
floor, the requisite draught being obtained by a chimney, which 
may be made of light wood-work. The heated air rises in a 
body to the roof of fibe closet as in (320), whence it is gradually 
drawn down by the action of the chiinney ; all th6 horizontal 
layers of air wiU have the same temperature throughout, as in 
Fig 93, and the drying in every part of the room will be 
equally effective. 

(214.) Figs. 68 to 70 give a good arrangement of a drying- 
closet for linen ; the horses are sometimes made of wrought 
iron, but well-seasoned deal is the lightest, cleanest, and best 
material in all respects ; they are formed with a back and front 
plate, A B, about 12 inches wide, connected together by hori- 
zontal rails, on which the linen is suspended. They are sup- 
ported by two flanged wheels, running on _L iron rails C, 
which are prolonged outside the closet, far enough to allow the 
horse to be drawn out, which is done by the handle D, the 
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upper part being guided by a long wooden rail E E, wbich is 
also prolonged outside the closet. The openings, F, are about 
an inch narrower than A B, and say 2 inches less in height, so 
that when the horse is in its place, the opening is closed by 
the plate B, and when drawn out, by the plate A. The air 
entering from without by the channel G, fills the chamber H, 
and rises by a series of holes into the chamber J, containing 
21—9 feet lengths of 4-inch steam-pipes. The floor of the 
closet is closed all over, except from L to M, which is covered 
by an open grating of cast iron, the fall width of the room, and 
through this the heated air rises in a body to the roof, where it 
is distoibuted, and descends at the back part of the room to the 
opening N, by which it escapes into the chimney O, and thence 
into the alanosphere. 

S215.) The length of steam-pipes including bends is about 
I feet of 4-inch pipe ; if we teke the pressure of steam at 
10 lbs., its temperature by Table 11 will be about 240% and 
at that temperature an endosed pipe as in our case will yield by 
Table 66, 314 units per foot run, or in our case 314 x 210 = 
65940 units per hour, admitting that 10 per cent, is lost by 
radiation, &c., from the walls of the closet, we shall have 
G5940 X * 9 = 59346 units available for drying purposes. 

(216.) We will assume that the air leaves the steam-pipes and 
enters the closet at 172^ and departs at 82^ ; it is first heated 
by the steam-pipes 130°, or from 42° to 172°, and the available 

heat is sufficient to raise i qq w .oqq = 1^14: lbs. of air to the 

required temperature. 

(217.) By Table 58, a pound of air at 42° saturated with 
moisture contains '00561 lb. of water, and at 82, '02361 lb. ; 
it therefore takes up in passing through the closet '02361 
— '00561 = '018 lb. of air, and we have in our case '018 
X 1914 = 34' 5 lbs. of water absorbed from the linen per hour. 
If the wet linen is introduced at 50°, each pound of water in it 
will require 1178 — 50 = 1128 units of heat to evaporate it, 
and in our case 1128 x 34'5 = 38923 units per hour. This 
heat has to be supplied by the air in the act of cooling from 
172^ to 82°, and we must see that it is capable of doing it ; it 
will yield 1914 x (172 - 82) x '238 = 41000, or rather more 
than is necessary. 

(218.) If we had assumed 162° for the temperature at entry, 

wo should then have had foh w .oqu = 2078 lbs. of air heated 
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which would carry off • 018 x 2078 = 37 * 4 lbs. of water requiring 
37-4 X 1128 = 42187 tmits of heat. The air in cooling from 
162° to 82° would yield 2078 x (162 - 82) x -238 = 39565 
units only, being 42187 - 39565 = 2622 units too little. The 
conditions assumed in (216) are therefore correct, and the power 
of the closet may be taken at 34 * 5 lbs. of water per hour. 

(219.) ^^Air-chimney, Sfc^ — We have in our case 1914 lbs. of 
air per hour, or * 55 lb. per second, and by Table 19, this is 

•66 

equal at 42° to tqItqi = 6*95 cubic feet at entry from external 

•55 
air, and at 82° to .q-oq = 7*5 cubic feet at exit. But to this 

last has to be added the 34*5 lbs. of vapour taken up in the 

34*5 
closet : this is only onKr^ = ' 0096 lb. per second, or • 0096 x 

21*07 = *2 cubic feet (63) and the volume of air at exit is 

increased by it to 7*5 -f- '2 = 7'7 cubic feet per second. 

(220.) The mean temperature of the air in the closet is 

172 + 82 

5 = 127°, the air in the chimney is at 82°, and both are 

saturated with moisture. It is necessary to remember this last 
fact, because the relative weights are affected by the presence of 
vapour, and the draught-power of the chimney is affected thereby. 
We assumed in (210) for the sake of varying the illustration, 
that the air departed only AaZ/^saturated, but it is a necessary 
condition where economy is considered that the air should be 
saturated. 

(221.) The condition of the chimney and closet with reference 
to the creation of a draught current is peculiar, and must be 
understood before we can calculate the necessary sizes of 
openings, &c. 

Let Fig. 71 be an outHne diagram, in which A is the chimney 
and B the closet both of the same height, the air being at 82° 
in the chimney, and 127° in the closet. The air in B being 
lighter than in A in consequence of its higher temperature 
would ascend, and motion would ensue in the direction shown 
by the arrows being the reverse of what is required. 

Let Fig. 72 be a similar diagram, with a chimney twice the 
height of the closet, the column in the chimney is now opposed 
not only by the column in the closet, but also by another one 
in the imaginary chamber C, which makes up the height of the 
chimney with air at the external temperature of 42°. The mean 
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42 + 127 
temperature of the combined colmnn B C is therefore —^ 

» 84° * 5, that in A remaining at 82° ; with this height we should 

tberefore still haye a reverse draught. 

In Fig. 78 we have a chimney three times the height of the 

oloset, and the column in the chimney is now opposed by a 

column of equal height composed of B, 0, D, whose mean tem- 

127 + 42 + 42 
peirature will be —q = 70°, or 12° colder than the 

air in the chimney, and we shall now obtain a draught in the 
right direction. 

(222.) We can now calculate the power of the chimney in our 
case, and will assume for it a height of 28 feet, or four times 
the height of the closet. The fSact that the air at 42°, 82°, and 
127°, is all saturated with moisture complicates the case, and it 
will not be quite correct to take a mean temperature for the 
columns B, 0, D, &o^ as we have done with dry air in (221). 

The weight of air saturated with vapour is given by (coL 8) 

of Table 68 ; for 127° we must interpolate between 122° and 

.««« ^ ^ -065042+ -063039 ^^^^, ,^ 

132°, and we have s = '06404 lb. per cubic 

foot, and for the closet 7 feet high -06404 x 7 = -44828, the 

weight of the column in B; for C, D, &c., we have -07884 x 

21 = 1-65564, and togetiier •44828 + 1-65564 = 2-104. The 

air in the chimney at 82° weighs (as a column 1 foot square) 

•07226 X 28 = 2-023 lbs. 

Then by (145), &c., the 28 feet of the lighter air is equal to 

28 V 2 '023 

— 2.iQ^ =26-92 feet of the denser, leaving 28 - 26- 92 = 

1-08 feet to produce velocity, which by the laws of falling 

bodies will give VI '08 X 8 = 8'3 feet per second theo- 
retically. 

Admitting that the loss of efRsct by friction, change of 
direction, and successive enlargements and contractions of the 
air-passages through the closet (161) which it would be impos- 
sible to calculate, this velocity is reduced to half (362) (365), 
we shall have 4*15 feet per second in the chimney and openings 
generally ; that through the closet would be less, because of the 
greatly increased area there. 

(223.) The chimney and the opening N having to pass, as 
we have seen in (219), 7*7 cubic feet of air per second, must 
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7-7 
have an area of jtte = 1 ' 85 square feet, and may be 1 * 5 x 

1*25 feet; the channel O and the holes in the top of the 

6*95 
chamber H must be ttTk = 1 * 67 square feet, Scc^ &c. 

(224) To feunlitate the establishment of the draught when 
the closet is first heated, it will be well to have an opening P, 
by which the heated air can pass direct from the steam-pipes 
into the chimney ; when the draught is well established vns 
must be closed, otherwise we should have a waste of heat, and 
the drying operation would be retarded. A sliding door worked 
by a rod outside would be the most convenient mode of regu- 
lating the size of the opening. 

(225.) It will be seen, that with damp air, the chimney must 
not be less than four times the height of the closet Where 
such a height is impracticable from local reasons, a low one may 
be made to answer by keeping the opening P permanently open, 
the effect being to increase the temperature of the air in the 
chimney ; but this is an ezpensiye mode of effecting the pur- 
pose, and where possible, a high chimney should always be 
secured. 

(226.) In Asylums, Schools, and similar establishments, the 

size of the drying-closet must be fixed by experience ; it will 

vary considerably with the character of the inmates, &c., Lunatic 

and Pauper Asylums requiring of course a larger washing and 

drying apparatus than others. Generally, we may allow 1 square 

foot of drying-horse for children, say IJ for men, and 2 for 

women, estitnating the area of the horse by its length multiplied 

by its height ; thus in our case Fig. 68, &c., we have 8*5x6 

X 5 = 255 square feet of surface, which would suffice for say 

255 255 

250 children; or pv = 170 men; or -2" = 128, say 130 

women. 

In the case of a school for 1200 pauper children of both sexes 
near London, the work had to be done with thirteen horses, each 
9*5 X 6 • 5 feet, which by our rule would have sufficed for 9*6 x 
6*5 X 13 =: 802 children only. It was therefore much too 
small, and to compensate for that fact, very long hours had to 
be worked ; in damp weather when the whole of the work had 
to be done by the closet, from 6 am. to 9 pji. for six days per 
week scarcely sufficed to accomplish it. 

An ordinary blanket weighing 3^ lbs. when dry contains 
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about 6 J lbs. of water when wrung as dry as possible ; the 

closet Fig. 68 would contain five such blankets, and to evaporate 

32*5 
the 32 • 6 lbs. of water in them, we should require oTTk = * 94 

hour, say one hour. A common sheet, weighing If lbs. dry, 
contains 2 lbs. water, and 5 such, holding 10 lbs. of water, 

would be dried in oTTk = * 29 hour, or rather more than a 
quarter of an hour, &c. 



CHAPTEE X. 



ON THE HEATINQ OF LIQUIDS. 



(227.) " Heating of Liquids hy Fire direct" — Liquids may be 
heated directly by a fire, or by steam which may be applied in 
several ways. When water is heated by a fire the best position 
for the fire is immediately beneath the vessel, and the worst 
possible position is the top, for when water is heated it expands, 
becomes lighter, and ascends, being replaced by colder water 
which in its turn is heated, and so on until the whole mass is 
raised at once to the required temperature, but if heat be applied 
at the top the heated water remains at the top, and may be even 
boiled there while the water beneath receives no heat whatever, 
(108) and (311). 

(228.) The form of the vessel is unimportant, only it must 
be such as to receive the heat of the fire readily. Figs. 69 and 
60 are common and convenient forms, and for convenience of 
calculation the dimensions given are for a capacity of 1 gallon, 
and the dimensions for any other capacity may be found by 

multiplying by ^ gall, required ; thus if a copper to hold 125 

gallons was required, the '^ of 125 is 5 and the sizes would be 

given by multiplying all the dimensions in the Fig. 59 or 60 

by 5. 

(229.) The quantity of water which can be evaporated to 

steam depends on the area exposed to the action of the fire, and 

for a vessel of this form we may estimate that each square foot 

will evaporate 4 lbs. of water at 212° to steam, which is equal 

3864 
to 966 X 4 = 3864 units of heat, or to i qqq y Tn = 2*14 gallons, 
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of water at 62° heated 180° (or to 212°) per hour per square 
foot. The qnantity of coala will be about ^th of the weight of 
water evaporated, and the size of the gFat« may be determined 
by allowing about 10 lbs. of coal per square foot per hour. 
Table 61 gives the sizes for ooppers up to 300 gallons calcu- 
lated by theee rules. 

Table ©4. — Of tie Peopobtions of Boiuno and Evapoeatiho Pars. 
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(230.) " Seating Liqvidsly Steam." — There are three methods 
commonly used for heatiug liquids by steam: by forming a 
steam-jadtet, oi double vessel, as in Fig. 60 ; by a worm circu- 
lating through the liquid and filled witii steam, as in Fig. 61 ; 
and by blowing the steam by a pipe direct into the liquid to be 
heated. 

(231,) Peclet gives an experiment with an apparatus of the 
form like Fig. 60, in which 1980 lbs. of liquid (beet-root juice) 
at 39° was raised to 212° in 16 minutes, the steam being at 
30 lbs. per square inch (above the atmoqihere) and consequently 
at 274°, and the surface exposed to its action, 25*8 square feet. 
mv ^ .1 V ■ 1980 X ( 2 12° - 39°) x 60 

The work done per hour is 1 6 x 2S-8 " " — ~ 

50000 units nearly per square foot. The mean temperature of 

39° -I- 212° 
the water in this case was s " = 125°, and the difference 

of temperature between that and the steam, 274° — 125° = 149°; 
and we have therefore from this experiment ttss" = 336 unite 
per square foot per hour for a difference of 1°, 
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(232.) An experiment was also made with a worm apparatus 
like Fig. 61,tlie pipe was 138 feet long and 1*85 incli diameter 
outside, having a surface of 48 square feet, and was filled with 
steam at 274°. The vessel contained 880 lbs. of water at 46% 
which was heated to 212° in 4 minutes, and in 11 minutes more 
650 lbs. of water were evaporated. 

(233.) In the first case the work done per hour in heating the 

/212 + 46°\ 
foot for a mean difference of 274° — ( i J = 145°, and 

^ , 45650 
for Pwehave— jjg- = 315 units, agreeing pretty well with the 

former experiment. 

(234.) In the second part of the operation the work done was 

650 X 966 X 60 ,^,^^ .. , . . 
^-i ^g = 60400 units per hour per square foot ; the 

difference between the temperatures was constant, and equal to 

274° - 212° = 62°, therefore for 1° difference we have ^^~ 

= 974 units, which is a very high result, and differs unaccount- 
ably from (233) deduced from the same apparatus. 

(235.) In another experiment with a similar apparatus two 
worms were used, each 49 feet long, 1 • 35 inch diameter inside, 
presenting altogether a total exterior surface of 39*5 square 
feet, filled with 15 lbs. steam having a temperature of 250°, 
and 132 lbs. of water were evaporated in 5 minutes. The dif- 
ference of temperature being 250° — 212° = 38°, we have 
132 X 966 X 60 ,^^^ . , ,^ ,.^ 
fi V SQ'5 V S8° ~ 1020 units for 1" difference per square foot 

per hour ; a still higher and incredible result, especially when 
compared with the following. 

(236.) An experiment was made, by Easton and Amos, of 
London, with a thin welded tube of wrought iron IJ inch 
diameter outside and about ^ inch thick, fixed vertically in a 
vessel of water 12 inches square and 3 ft. 7 in. deep in water as 
in Fig. 62, steam was turned gently on at A, and the cock B 
was kept a little open to carry off any water that primed from 
the boiler, &c. ; an air-vent was left open constantly at E, and 
the water condensed was discharged by an open nozzle at C, 
and collected in a vessel, D. We can estimate the amount of 
heat transmitted in two different ways, namely, by the rise in 
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the temperature of tlie water in F, and by the weight of water 
condensed, and there should be perfect agreement between the 
two. The weight of the water in F was 223 lbs., and it was 
stirred well to produce uniformity of temperature, the surface 
of the tube in contact with the water was 1*4 square foot. 
In one experiment the water was raised from 65° to 110®, or 45° 
in 15 minutes, and 10 * 218 lbs. of water were collected at D, 
the quantity at D, calculated from the rise in temperature of the 

water, should have been — ggg — = 10*38 lbs., agreeing very 

nearly with the experimental quantity. The mean temperature 

65 + 110° 
of the water was -^ = 87°* 5 ; and the difference between 

that and the steam 212° - 87°*6 = 124°* 5 ; and we have there* 

. 223 X 45 X 60 ._^ .. .. - . 

fore jn i24..g TTJ = 230 units per square foot per hour, for 

a difference of 1°. Two other experiments gave 207 and 210 
units respectively, and calculating from the water collected, 
rather less in all three cases. Table 65 gives the collected 
results. 

Table 66. — Of the Heating Powebs of a Vertical Tube with Steam. 
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(237.) It is difficult to see a reason for the great discrepancy 
between these results and those given in (234) ; a great source 
of error in such cases is that the air is not expelled, but in the 
case Fig. 62 the air could escape at both ends of the tube, and 
the difference could not have arisen from that cause. It is 
almost incredible that in (232) 55 gallons of water could be 
evaporated in 11 minutes; these results require confirmation, 
and in the present state of our knowledge we may take the 
value of a square foot of surface for 1° difference at 230 units 
per hour for a vertical tube, 330 for a double-bottomed vessel, 
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and say 430 for a horizontal tube or worm. The work done 
is governed by the outside diameter, for with good conductors, 
such as the metals, the outside of pipes will have sensibly the 
aame temperature as the steam withm, see (305) and Table 84. 

(238.) The third method of heating fluids with steam, by 
blowing it direct into the water to be heated, is commonly used 
for rough purposes, there are some objections to it for refined 
use; where the steam-boiler is connected with a steam-engine 
particles of grease may prime over with the steam ; the volume 
of liquid is augmented by the steam condensed to a considerable 
extent, thus to heat 100 gallons of water from 62° to 212° (or 
180°) wiU require 100 x 10 X 180 = 180000 units of heat, to 

obtain which we must condense q^^ =186 lbs. of steam, or 

nearly 19 gallons, which will of course be added to the water to 
be heated. Another objection is the loud noise with which this 
method is accompanied, this may be partially obviated by 
placing the end of the steam-pipe in a smiall vessel full of small 
fragments of broken granite, &c., a cover of coarse wire gauze 
being stretched over the mouth of the vessel to prevent the stone 
being scattered by the steam. 
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(239.) " Heating Air, dc" — Air cannot be heated direct by 
radiant heat for reasons given in (268), but radiant heat can be 
absorbed by solid bodies, which afterwards give out that heat to 
the air in contact with them. In our dwellings heated by open 
fires, radiant heat alone is given out usefully by the fire, the rest 
being wasted by passing off up the chimney, this radiant heat is 
absorbed by the walls, and while part of that passes through the 
walls and is dissipated on external objects, the other part serves 
to warm the air of the room (298). In heating air therefore 
the object is to place heated solid bodies which will impart their 
heat to the surrounding air. 

(240.) " Heating Air hy StovesJ' — Stoves are frequently used in 
manufactories and for domestic purposes in this country ; in the 
north of Europe they are used exclusively for nearly all purposes. 
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We may obtain nearly the whole of the heat which any fuel 
contains by having a long flue or pipe conveying the products 
of combustion to the outer air, and the length necessary for this 
purpose may be found from some of Peclet's experiments ; he 
found a considerable difference with different materials for flues. 

(241.) " Sheet-iron Flues,** — A chimney of sheet iron, 62 feet 
high, 3.^ inches diameter, was mounted on a small furnace, the 
temperature was taken at the top and bottom, and the velocity 
of the current was measured directly, by the time which a whiff 
of smoke (created by a wick soaked in turpentine) occupied in 
passing from the bottom to the top. The mean of 11 experi- 
ments gave the following result : temperature of the air at 
bottom 536°, and of the top 170*^, the exterior air 68°, the 
velocity of the air 9 • 8 feet per second, and the total surface of 
the pipe = 48 * 6 square feet. 

(242.) The mean temperature of the air in the chimney is 

536 + 170 

^ = 353°, and the weight of a cubic foot at that tempe- 
rature by Table 19 is • 049 lb. per foot : the weight of air in the 

chimney is therefore yrj X ' 049 x 62 = • 17 lb., which 

parts with 536 — 170 = 366° of heat, and the specific heat of air 
being -238, this is equal to -17 x 366 x '238 = 14- 8 units of 
heat ; this loss occurs in the time which a particle of air 

occupies in passing through the pipe, or in a- ^^ = 5 * 3 seconds ; 

.^ n . . ,, , 14-8x3600 ^^^^^ 
m an hour, therefore the loss would be ^70 = 10000 

units, or AQ,a = 206 units per square foot, and the mean tempe- 
rature of the pipe being « = 353°, the difference between 

it and the air is 355 — 68 = 285°, so that for 1° difference we 

should have -^ok = * 72 units per square foot per hour. 

(243.) For the purpose of experiment the temperatures were 
low ; in practice, the air would probably leave the stove at 1200°, 
and the end of the chimney at 400°, the mean temperatuuro 
would be 800°, and the excess above the external air, &c., say 
800 — 60 = 740°. With such a high temperature, the loss would 
be proportionally^ or per degree, much greater than with the 
comparatively low experimental temperature, see (299) (301), 
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&e,y and we must apply a correction by Tables 80, 81, and 82. 
Taking B and A as equal at low temperatnres, we have by 
Table 82, for 858 - 68 = 285'' difference, the ratio for B = 2 * 12 
and for A = 1-8, Q therefore = 8-92 ; but with 800-60 = 740° 
diffiBorence, the ratio for B = 7 and for A = 2*2, and Q = 9 2, 

«^ hence the loss becomes :^ = 1-7 »nit for 1° or in 

our case 1 *67 x 740 = 1236 units per square foot per hour. 

Say we take the case of a stoye consuming 10 lbs. of coal per 
hour, each pound of coal will yield a total of about 12000 units 
(90), of which say ^th will be dissipated by the body of the 
stoye, thus leaying 9000 x 10 = 90000 units to pass off by 
the chimney. Each pound of coals requires a minimum 
quantity of 22*88 lbs. of air (90), but allowing double, say 
45 lbs., this air passiag into the atmosphere at 400^, or 840° 
aboye ihe temperature of the air in the room, will carry off 45 x 
840 X * 238 = 8546 units per lb., or 85460 units for 10 lbs., 
leaying 90000 - 85460 = 54540 units to be dissipated by the 

54540 
pipe. We shall therefore require -fogg = ^ square feet of sur- 
face in the pipe for 10 lbs. of eoals, or 4*4 square feet per 
pound, with a yertical sheet-iron pipe. 

(244.) " Gast-iron Flues," — Similar experiments were made 
with a cast-iron chimney 54 feet high, 8 inches diameter inside, 
-^ inch thick, temperature 347° at bottom, 170° at top, and the 
external air 68° ; the velocity was 14 • 8 feet per second, and 
the total surface 111*5 square feet. The weight of air in the 

chimney at the mean temperature 258°, is ^±1 X * 055 

X 54 = 1*04 lb., which parts with 1*04 x (347 - 170) x 

54 
*238 = 43*8 units of heat in ttto = 3*65 seconds, or 

43*8 X 3600 ,^^^^ . , 43200 

o7gK = 43200 units per hour, or ^^^ ,g = 388 units 

per square foot of surface, and the mean temperature of the air 

in the pipe being 258°, the difference between it and the external 

388 
air is 258 — 68 = 190°, and for 1° we have tqTv = 2 units per 

square foot per hour. 

For high temperatures, we may apply the correction as before ; 
with a mean temperature of 258° and 190° difference, the ratio 
for B by Table 80 is 1 * 64, and for A by Table 81 = 1 • 63, 
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Q therefore = 3-27, whereas with 800 - 60 = 740° we found it 

to be 9*2, hence the loss at the high temperature would be 

2 X 9*2 

— oTo7~ = ^ * ^ units for 1°, and in our case 5* 6 x 740 = 4144 

units per square foot per hour. 
With a stove as in (243), consuming 10 lbs. of coal per hour, 

we should require jttt = 13*1 square feet of surface, or 1 • 81 

square feet per pound of coals. 

The great difference between cast-iron and sheet-iron flues 

4144 
is very remarkable, a cast-iron flue seems to dissipate loog 

= 3*35 times as much heat as a sheet-iron one ; it is, however, 
the clear result of very numerous experiments, and the great 
loss of the cast-iron flue will be more credible, when we come to 
calculate the loss of horizontal flues (246). 

(246.) ^^Earthenware Flues ^ — Peclet made similar experi- 
ments on a chimney of earthenware, 43 feet high, 3;^ inches 
inside diameter, y\ inch thick, temperature at bottom 500°, at 
top 140°, of the external air 68°, velocity 7 • 81 feet per second, 
surface 35 * 2 feet inside, &c. The mean temperature of the air 

in the chimney was 5^ = 320°, and the difference be- 
tween that and the external air 320 — 68 = 252°. The weight 

Qit y. •7854 
of air is -^-^jj X '0605 x 43 = -1247 lb.; the loss of 

heat by this volume is -1247 x (500 - 140) x -238 = 10-7 

... ^3 ^ , , 10-7 X 3600 „^^^ . 
umts, in nFTgr = 5*5 seconds, or ^:;^ = 7000 units 

per hour for a difference of 252°, or -Rgo" = 27 '7 units for 1°, or 

27-7 

3572 = -78 units per square foot of inside surface per hour, 

being about the same as a sheet-iron flue« 

(246.) " Horizontal Flues.** — ^It should be observed, that the 
foregoing experiments were all made with vertical flues or 
chimneys, but the loss by horizontal flues would be nearly the 
same. 

Admitting that the outside of a pipe has the same temperature 
as the inside surface, which is practically true with metal pipes, 
as shown by (305) and Table 84, we can calculate the loss of 

k2. 



132 EFFECT OF LONG AND SHORT STOVE-PIPES. 

heat by horizontal flues heated to 1200° at the end next the stove, 
and 400° at the other, having thus a mean temperature of 800°, 
or 800 - 60 = 740° above the external air, by the rules in (302), 
&c., and we have by Table 82, &c. : — 

Units per 
Square foot 
B. Batio. A. Batio. per Hour. 

For 3 inches diam. (7 x 7) + (-6256 x 2*2) x 740=4644 

4 „ (-7 x7)4-(-5745x 2-2) X 740 = 4661 

6 „ (•7x7)+(-523 X 2-2) X 740 = 4477 

8 „ (.7 x7) + (-4978x 2-2) X 740 = 4440 

10 „ (• 7 X 7)+ (-4824 X 2- 2) X 740 = 4410 

It will be observed, that these numbers are nearly the same 
as given for an eight-inch vertical pipe of cast-iron (244) by 
Peclet's experiment, which we found to be 4144 units. But for 
sheetniron horizontal flues, we must admit the loss to be only 
1236 units as in (243). 

(247.) ''Effect of Lmg and Shmi Flue-^peaJ'—The loss of 

heat by a stove-pipe per foot run increases from end to end, 

being of course greatest next the fire where it is hottest. 

Admitting for illustration, what is not strictly true, that the 

amount of heat emitted at every point is proportional to the 

difference of the temperature of the pipe and the external air, 

let us take the case in which, say ^th of the heat is lost by the 

first yard of pipe, with a temperature of 1600° to begin with, 

and external air at 60°; then the air will be reduced tc 1600 — 

1600 - 60 

F = 1480° at the end of the first yard, and to 1480 — 

1480 - 60 

„ = 1277° at the end of the second yard, and so on, 

till at the end of the tenth yard, it is reduced to 382° as shown by 
Fig. 11, which also gives the loss by each yard, the first losing 
220° and the last only 54°, so that the pipe might be shortened 
considerably without much loss of effect ; for instance, the first 
half of the pipe gives out 64 per cent, of the total heat expended, 
and the second half only 36 per cent. ; in fact, the loss of heat 
being greater in proportion at high temperatures, the real 
difference would be much greater than this. 

(248.) " Height of Chimney for Stoves^ dc.'' — The velocity of 
the heated air being known from the volume required to support 
the combustion and the diameter of the flue, we may easily cal- 
culate the height of chimney necessary to obtain that velocity 
by the rules in (147) and (153). 
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Thus with the stove we considered in (243), we found that 

we required 44 square feet of surface in the pipe, and if we 

assume 6 inches for the diameter, a 6-inch pipe having an area 

of 1 • 67 square feet per foot run, we shall require for sheet-iron 

44 
a length of ttw = 28 feet, or 9 • 3 yards. Then 460 lbs. of air 

at 800° by Table 19, is equal to .9315 w eo = ^^^ ^^^^® ^^* 

per minute, and the area of a 6-inch pipe being * 196 square 

240 
feet, the velocity will be — ^q/, ^^ = 20*3 feet per second, 

the head for which by Table 47, with a co-efficient of • 93 will 

be about • 56 lb. per square foot for velocity alone. 

The head for friction, by (163) and Table 61, with a 6-inch 

pipe 9*3 yards long and 240 cubic feet per minute, will be 

/240\'' 
•0000668 X ( 100 ) X 9-3 = -00357 lb. per square inch, or 

• 00357 X 144 = • 514 lb. per square foot, which added to that 
required for velocity, makes a total of •65 -j- -614 = 1^064 lb. 
per square foot. 

Now a cubic foot of air at 62° weighs by Table 19 ^0761 lb., 

and at 400° (which is the temperature of the air in the chimney 

at the end of the flue) • 0461 lb., so that each foot in height 

gives an unbalanced pressure of '0761 — '0461 = '03 lb. per 

1*064 
square foot ; we shall therefore require -taq" = 36 * 5 feet, as 

the height of the chimney, which is greater than the length ! 

With a slight increase in the diameter of the flue, the height 
of the chimney would be greatly reduced. Thus a 7-inch pipe 

3 * 14 X 7 
having a circumference of ^o — =1*83 feet, the length 

44 
would be jtqt = 24 feet or 8 yards, and the head for Motion is 

/240\« 
•0000309 X ( 100 ) X 8 X 144 = -205 lb. per square foot. 

The area of 7 inches being • 267 of a square foot, the velocity 

240 
with 240 cubic feet is 7^^^ n?v = 16 feet per second, which 

by Table 47 is -31 lb. per square foot. The total is -206 + 

"615 
•31 = ^516 and the height of chimney — ^o- = 17 feet, instead 
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of 36*5 feet, which we found to be necessary with a 6-inch 
pipe. 

(249. ) " Heating Air hy Steam-pijpes, ^c^ — We shall see by 

(302) tnat the amount of heat given out by heated pipes to the 

surrounding air per square foot of surface, is not constant, but 

varies with the diameter, small pipes being most effective, and 

that 2, 3, 4 and 6-inch pipes yield respectively 327, 303, 291, 

and 279 units per square foot per hour, when the temperature of 

the pipe is 210°, and of the external air, &c., 60°. With thin 

metal such as is commonly used in practice, we may admit that 

the outside surface has sensibly the same temperature as the 

steam within, see Table 84 and (305), and assuming J, y^^, ^, 

and "I inch for the respective thicknesses, we obtain • 664, • 96, 

1 • 21, and 1 • 767 as the area or surface of the different pipes per 

foot run. Taking the 4-inch as an example, we find the loss of 

heat per foot run to be 291 x 1*21 = 352 units per hour ; the 

specific heat of air (3) being '238, this is equal to heating 

852 

7oog = 1479 lbs. of air 1°, and as by Table 19 a cubic foot 

1479 
of air at 62° weighs -0761 lb., we have T^i^ = 19435 cubic 

feet of air at 62°, heated 1° per foot run of 4-inch pipe per 
hour. 

Table 66 has been calculated in this way, the loss per square 
foot for the different temperatures having been calculated as in 
(302). 

'^ Pipes enclosed in Narrow Chambers or Channels" — When 
pipes are enclosed in small chambers, whose sides being very 
near them, become highly heated, they emit very much less 
heat than when freely exposed to air and distant walls, having a 
low temperature. This case is investigated in (303) and (382), 
from which it appears that the loss in the case of an enclosed 
pipe is about 70 per cent, of the loss when freely exposed ; and 
thus we obtain the numbers in the second part of Table 66, 

'* Effect of Variations in Internal and External Temperature" 
— The Table 66 is calculated for pipes freely exposed in a 
room with air at 62°, but sometimes for drying and other 
purposes the air is at a much higher temperature, and at other 
times the temperature is much below 62°. The effect of these 
changes on the amount of heat emitted is given by Table 67 
for a great range of external and internal temperatures ; thus 
say that we required 1000 cubic feet of air per minute, or 60000 
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Table 67. — Of the Cubic feet of Air (at the Temperature of the 
Room) HEATED from the External Temperature, per hour per 
foot run of Steam-pipes, heated to 210°, and exposed to Air, &c., 
having the Temperature of the Heated Room. 
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rature 
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52° 


62° 


72° 
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. 
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Cubic feet of Air by 4-inch Pipe. 
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369 
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Cubic feet of Air by 6-inch Pipe. 


12 


960 


702 


536 


428 


351 


264 


240 


22 


1440 


936 


671 


514 


409 


330 


270 


32 


2881 


1404 


894 


643 


491 


385 


309 


42 


• • 


2809 


1342 


857 


614 


462 


360 


52 


• • 


• • 


2683 


1285 
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432 



cubic feet per hour at 82°, the external air being at 32° ; then 

60000 
by the Table, we should require ~oTi~~ = 284 feet of 2-inch 

60000 . 60000 

pipe, or -ooE- = 210 feet of 3-inch, or qTq- = 172 feet of 

4-inch, or .q. = 122 feet of 6-inch pipe, &c., &c. 
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(260.) "Air-Cocks, dc" — Water at ordinary temperatnre 
always contains a considerable quantity of air, which is expelled 
by heat, and passes off mixed with the steam, retarding the 
^communication of the heat to the pipe containing it^ It is 
therefore necessary to get rid of it, and this can be done most 
simply by small cocks iixed here and there along the course of 
the pipes, usually on the top ; but air being heavier than steam 
at the same temperature and pressure as shown by (173), theory 
indicates that the air-cock should be at the bottom of the pipe, 
and in one or two cases in which it has been tried, practice does 
not disprove it, so that the apparatus used to discharge the water 
condensed may sometimes be used to get rid of the air also. 

(251.) ^^ Apparatus for discharging condensed Waier^ — The 
quantity of water condensed by steam-pipes is shown by (302) ; 
it is very considerable, and being constant, the apparatus should 
be self-acting. Where the steam is taken from a low-pressure 
boiler, an inverted syphon is the most simple contrivance for 
this purpose ; but when the heating-pipes are at the ground level, 
the syphon requires an excavation to be made for it, which may 
be diflcult and sometimes impracticable ; for 7 lbs. steam the 
column of water required is, by Table 41, about 16 feet, and 
allowing a margin for fluctuation in pressure, the syphon should 
not be less than 20 feet long for that pressure. There is a 
considerable loss of effect by the use of this apparatus, arising 
from the circumstance that the water is discharged at a very 
high temperature ; in fact, at or near that of the steam, so that 
with steam at 210° and exterior air at 60° we might have 
1178 — 60 = 1118 units of heat per lb. of steam ; but if the water 
is discharged at 210°, we only obtain 1178 - 210 = 968 units, 

968 
or ytTq = *^^> ^^ ^^ P®^ ^^** ^^ *^® available heat, and 14 per 

cent, is wasted. 

(252.) Figs. 51 and 52 show a simple apparatus t)y which 
this loss may be avoided, the water being retained till nearly 
cold ; and it has the further advantage of discharging the air as 
well as the water : A is a J -inch gas-pipe about 8 or 9 feet long ; 
B B two rods of wrought iron about /^ inch diameter, secured 
by nuts at the upper end to the winged socket D, which is fixed 
to the pipe by the pinching-screw E, and similarly secured at 
the lower end to the cross-bar C, which carries a screw G by 
which the valve H is adjusted ; these rods are guided by passing 
loosely through wings F F on the valve seat. The best position for 
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this apparatus is the vertical one as shown by Fig. 52 ; but 
where a vertical position is inconvenient, it may be fixed at only 
a slight angle with the horizon. The pipe A, communicating 
with the bottom of steam-pipe J, will, when filled with steam, 
have the same temperature as that steam, and the screw G must 
then be regulated so as just to close the valve. The water that 
is condensed accumulates in A, and becoming cold, the pipe A is 
shortened, while the rods B B are not affected ; the valve seat 
therefore retreats from the valve, which opens and allows the 
cold water to escape ; but when hot water or steam follows, the 
pipe A, becoming heated, is expanded again to its normal length, 
and the valve is again closed, and so on. The variation in 
length is not very great, but with the length given, is found by 
experience to be sufficient for the purpose. Taking the expansion 
of wrought iron from Table 14, and allowing that the water 
escapes at 110^ while the steam is 210% the expansion for a 
length of 108 inches is -000006689 x 108 x 100 = -072, or 
about ^th of an inch. A brass tube about 6 feet long would 
expand about the same as an iron one 9 feet long, and may be 
used where a great length is objectionable. 

(253.) Fig. 64 shows a valve box and float which is sometimes 
used for getting rid of the condensed water. A is a float of 
copper, &c., attached by a loosely-fitted ring or shackle B to the 
valve C ; a ring of metal D is cast on the bottom, and serves to 
receive and retain the float in position ; a similar ring E on the 
cover serves to prevent the float rising too high, and thereby 
drawing the valve out of its seat, &c. There is some difficulty 
in practice in keeping the float tight, especially with high- 
pressure steam, and the valve is apt to stick and give trouble. 
The steam, &c., enters at F, and the condensed water escapes at G. 

(254.) It is very desirable that the water should not be 
wasted, but wherever possible it should be conducted back to 
the boiler, and used over and over again ; ordinary water con- 
tains salts of lime, &c., &c., which in the case of a steam-boiler 
do not pass off with the steam, but are deposited on the internal 
surface of the boiler, and are very destructive, by obstructing 
the transmission of the heat and causing the metal to become 
unduly heated ; but by feeding the boiler with the water re- 
turned from the steam-pipes, which is of course pure distilled 
water, this may be avoided. In most cases where there is no 
steam-engine, a small donkey engine and pump is used; but 
latterly the Giffard*s Injector has been used, and is by far the 
neatest and cheapest apparatus for this purpose. 
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(255.) "Expansion of the Pipes,^^ — Arrangements should be 
made to allow for the expansion caused by the great changes of 
temperature which steam-pipes experience ; the simplest course 
is to mount them on rollers like Fig. 53, allowing them liberty 
at the ends to expand freely. In long ranges the expansion is 
considerable ; thus with high-pressure steam at 300^ and air at 
60°, we have 260° difference between the extremes, and a pipe 
100 feet long expands -000006167 x 260 x 100 x 12 = 1-85 
inch ; with low-pressure steam at 210° and air at 60°, the 
expansion would have been 1*184 inch. 

(266.) Where the movement of the pipe is inconvenient, an 
expansion joint must be used. Fig. 66 shows a good form for 
this ; all the fitting parts should be roughly turned and bored, 
but should be slack fits ; -j^th play may be allowed with advan- 
tage all over. C is a wrought-iron safety ring riveted on the 
end of the pipe A, the object of which is to prevent accident by 
the pressure of the steam blowing the joint apart ; this pressure 
is considerable, for instance, with a 4-inch pipe, ^inch thick, 
and 46 lbs. steam, there is a force of 882 lbs. tending to blow 
the spigot out of its socket ; and if by an oversight in fixing, a 
sufficient resistance is not provided, a serious accident may ensue. 
This cannot happen with Fig. 66, iiie wrought-iron ring C being 
prevented from coming out by a second ring D, which again is 
kept in position by the packing and gland bolts. Care should 
be taken in fixing, so as to adjust the length of the pipes, that C 
has room to move in the right direction, the effect of expansion 
being to increase the length; C should be nearly toudiing D 
when cold, and the distance from C to E should of course be 
sufficient to allow for the utmost expected variation in length ; 
if by carelessness C is fixed in contact with E, there can be no 
expansion, and the apparatus is useless. 

(267.) " Heating Air hy Hot-water Ptpc«."— In Fig. 47 let 
A B C D be a pipe filled with water, and let heat be applied at 
A ; the column A B will be heated and expanded, and becoming 
thereby lighter than the counterbalancing column C D, will 
begin to ascend in the direction shown by the arrow. Let us 
suppose that at A the water is heated to 210°, and that the air 
is at 60°, the pipe will give out heat to the air, so that the heat 
imparted to it at A is gradually and progressively lost; and 
assuming that it returns to A at 110°, and that it loses equal 
amounts of heat for equal distances from A, we obtain the series 
of ^temperatures given in the figure. We can calculate the 
velocity of the water in any particular case ; say that the height 
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A B was 40 feet, B C and A D 10 feet each, and the pipe 

4 inches diameter, then by Table 18 we find the relative specific 

gravities of water at 190° and 140° to be about as -9659 to 

• ^822, and the column C D being 40 feet, will be opposed by 

40 X '9669 
the column A B, having a weight equivalent to Toooo — = 

39*336 feet; the two columns, therefore, do not balance one 
another, but there is a difference of 40 — 39 • 336 = • 664 feet, 
or 8 inches, tending to produce motion in the water, and which 
by the principles of hydraulics would produce a velocity equal 
to the discharge of 70 gallons per minute. But 70 gallons, or 
700 lbs. of water per minute cooled 100°, would yield 700 x 
100 X 60 = 4200000 units per hour, whereas by Table 66 a 
4-inch pipe at a mean temperature of 160°, gives 210 units per 
foot, or in our case 210 x 100 = 21000 units per hour only, so 
that we have an excess of power, and to obtain the conditions 
shown by Fig. 47, which we assumed for the purpose of illus- 
tration, the pipe would have to be throttled by a valve or cock, 
<&Ci ; or if left free, the water would return to the boiler at A at 
a temperature very little less than it left it, in which case the 
pipe, being at a higher temperature throughout, would impart 
more heat than we found for it. 

(258.) Fig. 48 shows a pipe precisely similar to Fig. 47, but 
here the fire is at B, half-way up the pipe ; assuming the same 
temperatures as before, it will be seen by the figures that the 
mean temperature of both columns is exactly the same, or 160° ; 
of course in such a case there is equilibrium, and no motion will 
ensue, nor will any forcing of the fire produce it. This will 
serve to show that in all cases the fire should be as near to the 
bottom of the ascending column as possible ; when quite at 
the bottom, a very short column indeed will suffice to produce 
the necessary motion. 

(259.) Let Fig. 49 be a pipe 600 feet long, 4 inches diameter ; 

A B and C D each one foot, and let A B have a temperature of 

210° and C D 160°, the water returning to B at 110°. At the 

given temperatures of 210° and 160°, Table 18 gives about 

•9685 and -9761 for the specific gravities of water, so that A B 

12 V '9586 
being 12 inches, C D would be equal to — Tofa] = 11*783 

inches; there would therefore be an unbalanced pressure of 
12 — 11 '783 =*217 inch tending to produce motion. By 
Table 68, which is calculated by Prony's formula, we may find 



VELOCITY OP CUBRBNT IN HOT-WATKB FIFES. 



141 



Table 68. — Of the Friction of Water in Pipes. 
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•022968 


•08 


•00000920 


•001200 


•4 


•001148 


•030000 


•09 


•0001161 


•001518 


•45 


•001406 


•037970 


' '10 


•0001341 


•001875 


•5 


•001700 


•046850 


•11 


•0001532 


•002268 


•55 


•00200 


•056720 


•12 


•0001732 


•002700 


•6 


•00233 


•06750 



the velocity which that small head would generate, for y X ^ 

•217 
is in our case ^tw^ X ^ = ' 000144, which by the Table is equal 

to a velocity of about • 106 foot per second, an extremely small 
velocity, but more than sufficient for the purpose, as we shall 
see presently. By Table 66 we find that a 4-inch pipe at 160° 
gives 210 units per hour; we have therefore in our case 

210 X 600 = 106000 units per foot run per hour, or -o-^aa— = 

29*1 units per second, and each foot of water in a 4-inch pipe 

weighing 6^4 lbs., losing in our case 100% this is equal to 

6 • 4 X 100 = 640 units per foot, and to obtain 29 * 1 units, the 

29-1 
water must move with a velocity of -fjq- = * 063 foot per second; 

we found the velocity really obtained to be * 106 feet per second, 
or double the minimum necessary, so that with the given con- 
ditions, vertical columns only one foot high will work a pipe 
600 feet long effectively. 

(260.) To facilitate these calculations, we have given in 
Table 69 the head to be obtained with different temperatures 
of vertical columns of water in the descending pipe, that of the 
ascending column being 212°. In Table 70 we have given the 
minimum velocity of current necessary, in different sized pipea 
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100 feet long, calculated as in (259). It will be fonnd that 
when the temperatures are constant, the velocity necessary varies 
in the simple ratio of the length of pipe, so that the Table 
applies to all cases. Thus a pipe 1000 feet long will require 
ten times the velocity for a pipe 100 feet long, &c. 

(261.) Table 68 will enable us to calculate the velocity of 
the current, having the head given by Table 69, &c., &c. 

Tablb 69,— Of the Height of Eqxhvalent Columns of Water at 
.DlFTBRBNT TEMPERATURES, the Height at 212° being 12 inches. 



Tempera- 


Height of 


Difference 


Tempera- 


Height of 


Difference 


ture of 


Coiumn in 


from 212° 


ture of 


Column m 


from 212° 


Water. 


Inches. 


in Inches. 


Water. 


Inches. 


in Inches. 


o 
212 


12 000 


•000 


o 
122 


11-647 


-353 


202 


11-954 


•046 


112 


11-611 


•389 


192 


11-908 


•092 


102 


11-599 


•401 


182 


11-868 


•132 


92 


11-570 


•430 


172 


11-824 


•174 


82 


11-550 


•450 


162 


11-783 


•217 


72 


11-532 


•468 


152 


11-746 


•254 


62 


11-618 


•482 


142 


11-710 


-290 


52 


11-508 


•492 


132 


11-677 


•323 


42 


11-502 


•498 



Table 70. — For Hot-water Pr»es, showing the Minimum Velocity 
of Current necessary for the tenewal of the Heat in a Pipe 100 feet 
long, with different Temperatures of Pipe, exposed to Air at 60°. 



Temperature of the Water in the Pipe, 



Mean. 



As it 


As it 


leaves 


returns 


the 


to the 


Boiler. 


Boiler. 



205 
200 
190 
180 
170 
160 
150 



o 


o 


210 


200 


210 


190 


210 


170 


210 


150 


210 


130 


210 


110 


210 


90 




Diameter of Pipe In Inches inside. 



Velocity in Feet per Second. 



-2290 
-1100 
•0535 
•0326 
•0210 
•0ir)6 
•0119 



164 


-1040 


0817 


-0510 


0367 


-0230 


0224 


•0139 


0151 


•0094 


0107 


•0067 


0786 


•0049 



Note. — The velocity necessary is simply proportional to the length of 
the pipe ; thus a pipe 500 feet long requires five times the velocity given 
by the Table for 100 feet, &c. 
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1st. Haying the length, diameter, and velocity given, to find 
the heady take from Table 68 the number in column 2 oppo- 
site to the given velocity ; this multiplied by the length of the 
pipe in inches, and divided by the diameter of the pipe in 
inches, will give the required head in inches, the height of 
column to give which must be calculated by Table 69. 

2nd. To find the velocity, multiply the given head in inches 
(obtained by Table 69) by tiie diameter in inches, and divide by 
the length of the pipe in inches, and find the nearest number 
thereto in column 2, then opposite to that, in column 1, is the 
required velocity. 

(262.) We found in (259) that columns 1 foot high were suf- 
ficient to work a pipe 500 feet long ; but to obtain that result 
we were obliged to allow the water to return to the boiler very 
much reduced in temperature. The mean temperature of the 
pipe being low, we obtained from it only 210 units per foot, 
whereas we should have had 352 units if the water had retained 
throughout the temperature of 210^. It is desirable, therefore, 
to give long vertical columns where possible, as the temperature 
may then be higher, and the system more efficient. With short 
pipes very little head is required, but with long ones so much 
head is required that it cannot be given by moderate columns of 
water without allowing great differences in the temperature 
of. the exit and return water ; so that in general long pipes 
are not so efficient in proportion as short ones. The velocity 
necessary for the renewal of the heat being proportional to the 
length, and the head or height of vertical columns proportional 
to the velocity squared, multiplied by the length, it follows 
that the height of column should be proportional to the cube of 
the length of the pipes, so that for lengths 1, 2, 3, the column 
should be in the ratio 1, 8, 27. 

(263.) Let Fig. 50 be a 3-inch pipe 400 feet long, and say 
that we require to find the height of the columns A and B for 
different temperatures ; — say A is 210° and B 190°, the mean 
temperature is then 200°. Table 70 gives '119 as the neces- 
sary velocity for a pipe 100 feet long. In our case we require 
•119 X 4 = '476 feet per second, which is between '45 and -5 

in Table 68 ; we may take y X d ia column 2 therefore at 
•00155, which (261) multiplied by the length and divided by 

.1. A' . l..^. ' ' I. ' '00155 X 4800 
the diameter, both in inches, or in our case s 
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= 2 '48 inches head. By Table 69, for 190° we have a head of 

•092 inch for a column 1 foot high, therefore we shall require 

2-048 
,/NQQ = 27 feet columns in our case ; and the pipe will yield 

by Table 66, 263 units per foot run. Again, say A is 210° and 

B 170°, the mean temperature being 190°. Table 70 gives the 

velocity at '0BS5 x 4 = '214 foot per second, which may be 

taken at '0004 in column 2 of Table 68; and the head is 

'0004 X 4800 

o = • 64 inch, which again by Table 69 is equal to 

•64 
Ty7i= 3*7 feet columns; the pipe will yield in this case for 

a mean temperature of 190°, 239 units per foot instead of 263 
as we found it before. 

(264.) We have seen that it is desirable to place the fire as 
near the bottom of the ascending colmnn as possible, and in 
(268) we have given a case that is impracticable where the fire 
was midway in the height of that column. In some cases the 
excavation necessary for placing the fire at the bottom is very 
objectionable ; and as it is possible to work a system of pipes 
with the fire considerably above them, by using lofty vertical 
columns, we will investigate the case, without, however, recom- 
mending its adoption where it can possibly be avoided. 

(265.) Let Fig. 55 be a pipe 4 inches diameter, and altogether 

200 feet long, of which the two columns A and B are each 

40 feet long, and the pipes D, E, F, and G laying at the same 

level in the room to be heated, and let the fire be at C, 6 feet 

above the general level of the pipes in the room. If we allow 

that the water leaves the fire at 210° and returns at 190°, losing 

20° in 200 feet, it follows that 1° is lost by each 10 feet in 

35 
length; at H therefore it wHl be 189°- 5; at J 210 - ^ = 

40 
206° • 5 ; and at K 206 • 5 --jg- = 202° • 5. The mean temperature 

189-54-190 
from H to C will therefore be y- = 189°- 75, from C to 

210 -4- 206* 5 
J = ^2 = 208°- 25, and of the whole column A 

(189-75x5) +^(208-25x35) ^ ^^^^.^^^ ^^ ^^^.^ ^^^ 

^ . 206-5 + 202-5 
mean temperature of the column B is ^ = 204*5, 
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SO that it is 1^*5 colder than A; and this is all the motive- 
power at OUT disposal. 

By Table 18 the expansion of water between 202° and 212° 
is '000411 for 1°, and a colmnn of water 40 feet or 480 inches 
long, heated l°-5, will expand -000411 x 15 x 480 = -296 

inch, which is the head to produce motion. By Table 68, -?- x d 

*296 
is in our case oqa jo X 4 = '000493, which by col. 2 may 

be estimated at '24 feet velocity per second. The velocity 
necessary for the renewal of the heat in the water for a 4-ind^ 
pipe, whose mean temperature is 200°, we shall find by Table 70 
to be '0817 foot for a pipe 100 feet long, in our case therefore 
we shall require '0817 x 2 = '1634 foot per second, so that 
the velocity of * 24 foot actually obtained is su£&cient. 



CHAPTER XII. 



ON THE TRANSMISSION OF HEAT, AND LAWS OF COOLING. 

(266.) The cooling of heated bodies may be effected by three 
methods : — 1st, by radiation ; 2nd, by contact of cold air ; and 
3rd, by conduction. Putting U for the total loss from all causes, 
and K', A', and C for the respective losses by radiation, contact 
of air, and conduction, we have U = E' -f- A' -f- C. 

" Loss of Heat hy BadiationJ* — Let P, Fig. 74, be a plate say 
of building-stone, 1 foot square and 1 inch thick, having both 
its surfaces, S, S', as also the air in contact with S, at a constant 
temperature of 60° ; and let the surface S be exposed to distant 
walls, WWW, maintained at 69°, or 1° lower than S. Under 
these conditions, the surface S will obviously lose no heat by 
contact of air, because that air has the same temperature as 
itself; for a similar reason, there will be no loss by con- 
duction, because S' has the same temperature as S ; but S will 
send out in all directions towards W W, rays of radiant heat, 
which will proceed in straight lines through the air, until they 
are intercepted and absorbed by the walls. The amounl^of heat 
thus lost will vary exceedingly with the nature of the surface. 
This is shown by Table 71, which gives the loss in units of 

L 
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heat peif square foot per hour f otr 1° difference between S and W, 
as in our case ; and for building-stone this loss may be taken 
at * 736 unit per hour, &c. If W had the same temperatnre as 
S, radiation would cease altogether ; ii^ on the other hand, the 
temperatures were reversed, S being in that case 1^ lower than 
W, W, it would absorb the same amount of heat as it emitted 
in the former case ; the radiant and absorbing power of bodies 
being equal to one another* 

Table Tl.^Of the Kadiating and Absobbdtg Foweb of Bodies, being 
the Units of Heat emitted or absorbed per square foot per hour for a 
Difference in Temperature of P Fahr. From the experiments of 

Pl^GLET. 



t » 



*■• 



Silyer,* polished 

Gopper ,, ., 

Tin „, 

Zino and Brass^ polished 

Tinned Ironr 

Iron, Sheet 

Lead ,, 

Iron ,, ordmary.. 

Glass .. 

Cast Iron, new .. 

Chalk « 

Cast and Sheet Iron, rusted 

Wood Saw-dust, fine 

Building Stone, Plaster, Wood, Brick 

Sand, fine .. .. 

Calico 

Woollen Stufife, any Colour . . 

Silk Stuffi, Oil Paint 

Paper, any Coloiu* 

Lamp-black 

Water 

Oil .. 



• t 



•A 



Value of B. 



•02657 
'03270 
•04395 
•04906 
•08585 
•09200 
•13286 
•56620 
•59480 
•64800 
•6786 
•6868 
•7215 
•7358 
•7400 
•7461 
•7522 
•7583 
•7706 
•8196 
1-0853 
1-4800 



C267.) For ordinary atmospheric temperatures of absorbing 
surfaces, say 50° to 60°, and small differences between S and W, 
say 30°, we may admit that the loss of heat is simply propor- 
tional to that difference ; and that E' = E x (< — T), in which 
E' is the loss by radiation, in units per square foot per hour, 
K = th» radiant power of the body from Table 71, t = the 
temperature of the radiant, and T = the temperature of the 

* Copper silvered. 
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absorbant ; but for higb temperatures of T, and great difFer- 
ences between t and T, the loss of beat is much greater, following 
a complicated law, for which Dulong has given a rule that 
agrees well with experiment, up to a very high temperature. (See 
(299), Chapter XIII.) 

(268.) Eadiant heat has the remarkable property of passing 
through moderate thicknesses of air or gas, without suffering 
appreciable loss or heating the air sensibly. With very great 
thicknesses, however, such as several miles, the loss of heat 
becomes evident. This is shown by the diminished power of 
the sun at and near its rising and setting, when its rays passing 
very obliquely through the atmosphere, traverse a much greater 
thickness of air than at mid-day. The variation from this 
cause is given by Table 72 from the observations of Mr. Daniell. 
For the same reasons, the solar radiation varies throughout the 
year with the varying altitude of the sun. This is shown by 
Table 73. For ordinary cases we may admit that air and gases 
cannot be heated directly by radiant heat, but only by contact 
with heated bodies. 

Table 72.— Of the Variation of Solar Eadiation, througbout the 
day in the mouth of June. Mr. Daniell. 





Temperature. 


Differ- 
ence. 


Time. 


Temperature. 


Differ- 


Time. 










ence. 




In Sun. 


In Shade. 






In Sun. 


In Shade. 






o 


o 


o 




o 


o 





i7 A Jif . 


93 


68 


25 


2 p.m. 


143 


75} 


67} 


9.30 


103 


69 


34 


2.80 


138 


76 


62 


10 


111 


701 


40} 


3 


138 


76} 


61} 


10.30 


119 


71 


48 


3.30 


132 


77 


55 


11 


124 


711 


52} 


4 


124 


76 


48 


11.30 


125 


721 


52} 


4.30 


12.^ 


77 


46, 


12 


129 


73 


56 


5 


112 


76 


36 


12.30 


132 


74 


58 


5.30 


106 


75 


31 


1 


141 


74i 


66} 


6 


100 


73 


27 


1.30 


140 


75 


65 











(269.) The loss by radiation is not affected by the form of 
the radiant body, a cube, a sphere, a cylinder, &c., &c., will 
radiate the same amount of heat with equal areas under the 
same conditions, so long as the body is not of such a form as to 
radiate to and from itself The colour of the surface seems to 
have no effect on the radiant power of bodies, at least this is 
true of paper and woven fabrics. 

L 2 
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Table 78.-^f the Vabtatton of Solar "Radl^tion througliout the 

Tean Mr. Dai^ell. 







Mean 


Mean 


Maximum 




• 




Mftxiomm ' 


Maximum 


force of 








Temperature 
ofUieAir. 


Solar 


Solar 




• 




Radiation. 


Radiation. 






o 


o 


o 






Jannaiy 


89-6 


4-4 


12 






Februaiy .. •. 


42-4 


10-1 


86 






March .. 


501 


16-0 


49 






April •• •• .» 
May .• .. .. 


57-7 


28-1 


47 






62*9 


80-5 


57 






June 


69*4 


89-9 


65 






jTily 


69-2 


25-8 


55 






August 


701 


33-1 


59 • 






September .. .. 


65-6 


32-7 


54 


1 




October .. .. 


55-7 


27-5 


43 






November .. .. 


47-5 


6-7 


24 






December •• •• 


43-2 


5-4 


12 





Tho loss by radiation is not affected by the distance of the 
ftbsorbant, thns in Fig. 74, if the space traversed were a yacnnm, 
it would be quite immaterial, whether W W were inches, or 
millions of nules^ distant from S, the rays of heat would pass 
on till they met with the cold body which had attracted them. 
Thus the heat we receive from the sun is radiant heat, which 
has travelled 96,000,000 of miles through space. The absorbant 
of radiant heat need not be a solid body, celestial space has a 
low temperature, and although it is a vacuum, or nearly so, yet 
it attracts the radiant heat due to its temperature. Eadiant 
heat seems to be of two kinds, one luminous, such as that of the 
sun, a candle, &c., and the other Obscure or dark rays, such as 
are given out by a vessel of hot water. 

(270.) " Loss of Heat hy Contact of AirJ^ — The loss of heat 
by contact of cold air, is independent of the nature of the 
surface, so that cast-iron, stone, wood, &c., &c., would lose the 
same amount of heat, under the same conditions of temperature, 
but the form of the body affects the result considerably, so that 
a plane, a sphere, and a cylinder will lose different amounts of 
heat per square foot ia the same time. 

Let P, in Fig. 75, be a vertical plane of any material, 1 foot 
square, having its surface S maintained at 60^, and let S' and 
WWW have also the temperature of 60°, while the air in 
contact with S is at 59°. There will in this case be no loss 
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of lieat from S by radiation or conduction, because W and S' 
are of the same temperature as S, but heat will be given out to 
the cold air ; and experiment has shown that the amount for 1% 
as in our case, is * 5945 unit per square foot per hour for a plane 
1 foot high, but it will not be the same per square foot for any 
other height, for reasons that are given in (272). 

(271.) For small differences of temperature (between the afr 
and the body), say up to 30°, we may admit that the loss of 
heat is simply proportional to that difference (see Table 81), 
and the rule becomes A' = Ax d,ia which d is the diiference 
of temperature between the air and the body ; A' = the loss of 
heat by contact of air, in units per square foot per hour ; and A 
= the loss for 1° difference of temperature between the body, 
and the air in contact with it. This last will have a value, 
varying with the/orw of the body, as we shall see presently. 

With great differences of temperature, Dulong has shown 
that the loss of heat increases in a much higher ratio than that 
difference, so that, for instance, when a body is 450° above the 
temperature of the air, the loss per degree is double the loss 
with small differences of 20 or 30 degrees (see (301) and 
Table 81). 

(272.) If we investigate the loss of heat by a vertical plane, 
we shall be able to see the reason for the varying value of A. 
A vertical plane, 1 foot high, is found by experiment to lose 
• 6946 unit per square foot per hour, when heated 1° above the 
air in contact with it ; but a high plane or wall loses less per 
square foot, for the following reason : — let Fig. 81 represent a 
plane 4 feet high, heated to 60°, while the air in contact with 
it is at 59°. The air in immediate contact with the wall being 
heated by it, is expanded thereby, becomes lighter than the 
surrounding air, and ascends in a constant current as shown by 
the arrows. Now for the first or lowest foot, the air is at 69° 
to begin with, but departs from it at a slightly increased tem- 
perature, so that there is less than 1° difference when it comes 
in contact with the second foot, and for that reason it receives 
less heat from it than it did from the lowest foot, and so through- 
out, each successive foot receives the air at progressively in- 
creased temperature and imparts to it less and less heat. 

The loss by a vertical plane is given by the rule A = •SGI 

*238 
-|- -j=~, in which A = the loss in units per square foot per 

hour for 1° difference in temperature, and H = the height of 
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Table 74.— Of the Value of A for Vertical Planes. 







Units per 




Units per 
Square Foot 






Height 


Square Foot 


Height 






in Feet 


for 1°; 
Difference. 


in Feet. 


forio 
Difference. 






1 


•5945 


20 


•4133 






2 


•5280 


30 


•4037 






3 


•4962 


40 


•3980 






4 


•4780 


60 


•3924 






5 


•4655 


80 


•3871 






10 


•4350 


100 


•3843 





the plane or wall in feet. Table 74 has been calculated by this 
rule, and it shows that a wall 4 feet high, as in Fig. 81, loses 
•4780 unit per square foot per hour, and by subtraction and 
analysis we may &id the loss by each successive foot ; thus a 
wall 2 feet high loses per Table 74, -5280 per foot, or -628 x 2 
= 1*056 unit, and as the 1st foot loses *5945 unit, the second 
must lose 1*056 — '5945 = '4615 unit; similarly, the third 
foot wiU lose (-4962 x 3) - (-5945+ -4615) = -4326 unit, 
and thus we obtain the numbers given in Table 75. 

Table 76.— Of the Loss of Heat from Contact of Cold Air by a 

Wall 4 feet hidi. 



Units per 

Square Foot 

per Hour for 

1° Difference. 



1st, or lowest foot 

2nd foot 

3rd ,, .. .. 

4th 



f * 




Total 



Per squaro foot, mean 



1-9120 



•4780 



This explanation of the reason why a high wall does not lo&e 
the same amount of heat per square foot as a low one, will givo 
some idea of the cause of the difference between bodies having 
the same area, but differing in form; those bodies lose most 
heat, whose form allows the most free access and circulation of 
the air which carries off their heat. 

(273.) For a horizontal cylinder, the rule becomes A = 
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•307 
'421 -| , in wHcli A = tlie loss in units per square foot of 

surface per hour for a difference in temperature between the 

body and the air of 1°, and r = the radius of the cylinder in 

inches. Of course the cylinder is supposed to be of infinite 

length, so as to exclude the loss by the ends. The 2nd column 

in Table 76 is calculated by this rule. For a sphere, the rule 

1 • 0476 
becomes A = •8634 -4- , in which A and r have the same 

signification as above, and thus we have col. 3 in Table 76. 

Table 76. — Of the Loss of Heat from Contact of Am with Horizon- 
tal Cylinders and Spheres, per square foot per hour, for a difference 
in Temperature of 1° Fahr. 





Diameter 
in inches. 


Value of A. 


Diameter 
in Inches. 


ValneofA. 






Horizontal 
Cylinder. 


Sphere. 


Horizontal 
Cylinder. 


Sphere. 






2 
3 

4 
5 
6 

7 
8 


Unit*. 
•7280 
•6256 
•5745 
•5440 
•5230 
•5087 
•4978 


Units. 
1^4110 
1-0618 
•8872 
•7824 
•7126 
•6627 
•6253 


9 
10 
12 
18 
24 
86 


Units. 
•4892 
•4824 
•4722 
•4551 
•4466 
•4381 


Units. 
•5962 
•5729 
•5380 
•4798 
•4507 
•4219 





(274.) « Loss of Heat hy Conduction:'— Let P, Fig. 76, be a 
plate of building stone, 1 foot square, 1 inch thick, having its 
surface S maintained at 60^, and let the walls WWW and 
the air in contact with S be at 60° also, while the surface S' is 
at 69°* There will then be no loss of heat by radiation or 
contact of air, because W and the air is at the same temperature 
as S, but a certain amount of heat will be transmitted through 
the material from S to S' ; and for stone 1 inch thick, the loss 
will be 13 • 7 units per square foot per hour for 1° difference, as 
in our case. This amount will vary very greatly with the 
nature of the material, we will call it C, and its value is given 
by Table 77. The amount of heat also varies directly as the 
difference of temperature of the two surfaces S and S', and 
inversely as the tiiickness, and hence we have the rule C = 

— J, — , in which , 0' = the loss by conduction in units per 
fiquare foot per hour ; C = the conducting power of the material.^ 
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E = the thickness of the platp in inches, and d = the difference 

of temperatures of 8 and 8'. Tlitis a wall of stone 20 inches 

thidky haying one snr&oe at 7CP and the other at 40% taking 

13*7xC70-40) 
the value of at 13-7, wiU transmit = ^^ ^^ = 2055 

imits per square foot per hour. 

Table 77.— Of the Value of 0, or the Conditcting Power of 
Mateblils, being the quantity of Heat in Unita transmitted per 
8(}uare foot per hour, by a Plate 1 inch thick, the two surfaoes 
diffenng in Temperatuie P. From the experiments of Pbolet. 



Copper «• M 

Iitm v. 

Zine .. •• .. ' .. .. , 

Lead 

Marble, grey, fine-grained 

,, white, ooairse-grained .. .. 

Stone^ calcareoos, fine .. .. 

>• »» ordinaiy .. , 

Glass •• f, 

Baked day, brickwork •• •• •• .. •• .. 

Plaster, ordinary .. .. .. .. 

Oak, transmission perpendicnlar to the fibres 
Walnut ,, ,, ,, .. 

Til 

Fir ,, parallel to the fibres 

Walnut ,, ,, ,, 

Gutta-percha 

India-rubber 

Brick-dust, sifted .. 

Coke, pulverized 

Cork .. ..' 

Chalk, in powder 

Charcoal of Wood, in powder . . 

Straw, chopped 

Coal, small, sifted 

Wood Ashes 

Mahogany Dust . . 
Canvas of Hemp, new 

Calico, new 

White Writing-paper 

Cotton Wool and Sheep Wool (any density) ., 

Eiderdown 

Blotting-paper, grey 



yalaeofa 



515 

233 

225 

113 

28 

22' 

16' 



4 
7 



13-68 
6-6 



4 
8 
1 



83 

86 
70 
•83 
•748 
1-37 
1-40 
1-38 
1-37 
1-33 



1 
1 



•29 
15 
869 
636 
563 
547 
531 
523 
418 
402 
346 
323 
314 
274 



(275.) Fig. 77 represents a case in whioh the surface S loses 
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heat simultaneomly by Eadiatioii, contact of Air, and Conduction, 
Here W, W, W, the air, and the surface S' are all 1° lower than 
S, and the total loss is the sum of the separate losses in (266), 

B A 

(270), and (274), namely U = -736+ •5496 + 13-7 = 14-9855 
units per square foot per hour. 

(276.) If W, S', and the air were not all of one and the same 
temperature, the case would be modified. Let H, in Fig. 78, 
be a cube of new cast-iron 1 foot square, heated to 100^, and 
placed in a room whose waUs, B, B, are maintained at 40*^, and 
let the internal air be at 60° ; considering only the loss by one 
vertical side of the cube, the loss by radiation with new cast- 
iron will be by Table 71, = -648 for 1° difference, therefore in 
our case • 648 x (100 - 40) =38-88 units, and the loss by 
contact of air will be -6945 x (100 - 60) = 23-78 units, so 
that the total loss is 38-88 + 23-78 = 62*66 units per square 
foot per hour. 

(277.) But sometimes a body may be losing heat fix^m one 
source, and at the same time receiving it from another ; thus in 
Fig. 79, we have a cube of stone, say 3 feet square, whose tem- 
perature is maintained at 50% placed in a room whose walls 
are at 40% while the air is at 60°. Here the loss of heat by 
radiation is -736 x (50 — 40) = 7-36 units per square foot 
per hour ; but by contact of air, heat will be received^ not lost, 
the air being 10° warmer than the cube. By Table 74, a plane 
3 feet high will lose or gain -4962 unit per square foot per 
hour for 1°, therefore in our case the heat received will bo 
•4962 X (60 — 50) = 4 '962 units per square foot per hour, so 
that the final result is a loss of 7-36 - 4962 = 2-398 units 
per square foot per hour. Here then we have a case in which a 
body is simtdtaneomly losing and receiving heat from different 
sources. 

(278.) These rules and tables are easily applied to practice ; 
thus a wall of stone, 20 feet high and 50 feet long at 70% 
exposed to air and all surrounding objects at 60% will lose 

B A 

(-736 + -4133) X 20 X 50 X 10 = 11493 units per hour; a 
horizontal cylinder, of rusted cast-iron, 6 inches diameter and 
40 feet long, having an area of 3 - 14 x * 5 x 40 = 62-8 square 

B A 

feet, will lose, for say 15° difference (-6868+ -523) x 62 '8 
X 15 = 1140 units per hour; and a sphere 2 feet diameter, 
having by the rules of mensuration an area of 3*14 x 4 = 
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12*56.8qnare feet, say painied with oil paint, will lose for 16^ 

B A 

diffi^renoe (* 75884- *4507)x 12 -56x15:= 228 mdis per hout. 

(279.) ""The Lo8b of Heai by BuUdmgs.^'—BAYing thus 
deiennined fho Taluo of the three elements B, A, and 0, we wiU 
proceed to ami j them to buildings artificially heated for the 
purposes of 1^ which is one of the most impcortant sobjects to 
which they are applicable. The heat lost hj buildings may be 
divided into four portions; namely, that lost by the floor, by 
the ceiling, by the walls, and by the windows. 

<<ZoM ^ihe Floor or Grawnd:'— It is stated in (22) that the 
sui&ce Of the earth in ordinary cases varies in temperature with 
fliat of the air, but where the ground is covered by a building the 
ease is different ; it will then taike pretfy nearly the mean tem- 
perature of the earth at that place. We have shown (22) that at 
a depth of 20 feet the earth has a uniform and invariable tempe- 
rature, having the mean yearly temperature of the air at that 
place ; this in the case of London, is shown by Table 26 to be 
about 51% and as this is pretfy nearly the average temperature 
of our dwellings in the cold season, tiie ground at floor, being 
in contact with earth beneath and air above, both of that ten^ 
perature, will taike the same, and the loss of heat from this source 
will be nothing. 

" Loss by the Ceiling, dc/* — When the room Is covered with an 
ordinary lath-and-plaster ceiling, and that again protected from 
cooliQg influences by the roof, the loss will be so small that it 
may be neglected, and we shall consider in what follows that 
the loss of heat from this cause is nothing. But where there is 
no ceiling, and the roof itseK is exposed to the heated air in the 
building, there will be a great loss of heat, but one exceedingly 
difficult to estimate. 

(280.) « Loss of Heat by (he TToZfe.'*— We will take for illus- 
tration, the case of a room with brick walls and no windows, &c^ 
as in Fig. 80, exposed on all sides to cooling influences, the 
external air and all the surrounding radiant objects having a 
temperature of 30% while the intemtd air is maintained at 60^ ; 
and the problem to be solved is the amount of heat which will 
be received from the internal air, transmitted through the walls, 
and finally dissipated on the external objects. 

To avoid complicating the question, we may assume that the 
room, Fig. 80, is of very large dimensions, so that the external 
surface has sensibly the same area as the internal surface.* In 
practice this is near enough the truth in most cases, but it may 
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perhaps be more correct to take the area at a mean between 
tbe two. 

We are met at the outset with the difficulty that the tempera- 
tures of the surfaces of the walls are not known, in our case (and 
in most cases) we only knowj the temperature of the internal 
and external a«V, T and T' ; the interior surface of the wall t 
must obviously have a temperature lower than the internal air 
T, otherwise it could not receive heat from it : similarly the 
exterior surface t' must have a higher temperature than the 
external air, &c., or it could not give out heat to it. 

(281.) We will first calculate the temperature of the two 
surfaces of the wall t and t\ and shall adopt the following 
general notation throughout : — 

T = the temperature of the internal air. 

T' = „ external air. 

t = „ internal surface of wall* 

t' = „ external surface of wall. 

t" = „ glass in windows, &c. 

B = radiant power of the material, as per Table 71. 

A = loss by contact of air, as per Tables 74, 76, &c. 

C = conducting power of the material, as per Table 77. 

Q =E + A. 

U = units of heat per hour. 

E = thickness of the wall in inches. 
(282.) Taking the walls in our case. Fig. 80, at 40 feet high, 
we have by Table 74 the value of A = '398 ; the value of R 
for brickwork we shall take at '736, and at 4'83, therefore 
Q = 1*134, and we may determine the temperature of the 
internal surface of the wall (t) by the formula : — 
^ Q(E.A.T + C.TO + A.C .T .... , 

^= C(2A + R) + (E.A.Q) > ""^^^ in our case becomes 
[1-134 X (14 X '398 x 60 + 4-83 x 30)] + (-398 x 4'83 x 60) 

[4-83 X (2 X -398) + (-736)] + (14 x -398 x 1*134) 

= 48°*02 the mtemal temperature of the wall. 

(283.) Having foimd t, we may find t' by the formula: — 

C< + Q ET^ .... , 

= — p_i Q -y — , which m our case becomes 

(4-83 X 4 8-02) + (1-134 x 14 x 30) ^ 

4-83 + (1-134 X 14) ' - "^^ "^^ 

which is the temperature of the external surface of the wall. 
Having thus found t and t\ we may now calculate the quantity 
of heat transmitted by several formulfe. 
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(284.^ Knowing the iemperatnre of the internal air T, and 
of the internal snr&oe of tiie wall in contact with it tyWe oaii 
eaedlj oalcaLate the amount of heat which the wall will absorb^ 
namely, U « A x (T — <), which in our case is *398 x (60 — 
48*02) s 4*77 units per square foot per hour. 

(285.) We may also calculate from the known temperature of 
the two BiprfiAoes of the wall t and ^, and the conducting power 
of the material 0, irrespeddye of the temperatures of the internal 

and external air by iJie formula: U = 4 i which in 

. 4-83 X (48-02-84-2) , ^^ .^ ._^ 

our case 18 i± ^ ^'^^ ^^""*® V^ square foot 

per hour, as before. 

(286.) We may also calculate from the known temperature 
of the eztonal snr&oe of the wall t\ and the temperature of the 
external air and surrounding objects which absorb radiant heat, 
both being at 80°, by the formula : XT = Q x («' - T'), in our 
case 1-134 x (34°-2 - 80°) = 4-77 units, as before. 

(287^) Tliese Oreo formula show the steps of the oobling 
process; (284) shows that 4*77 units are absorbed from the 
internal air by the internal surfiace of the wall; (285) diows 
that the same amount of heat is transmitted in the same time 
fro^ one surface of the wall to tiie other; and (286) proves 
that the heat thus receiyed and transmitted to the outer surface, 
is finally dissipated by it on the external air, &c. It should be 
observed that the internal surface receives its heat only by 
contact of warm air, and none by radiation, because all the 
internal walls have one and the same temperature with the wall 
B, whose condition we have been examining ; but the exterior 
surface loses ite heat both by radiation and contact of air. 

(288.) We may also determine the loss, if we know only t 

ana T', or the temperature of the interior surface of the wall, 

Q X (< — T') 
and of the external air by the rule XT = ^^- — p— ^, which in 

i + Qg 

1-134 X (48-02 - 30) ,^ .^ ^ , 
onr case oecomea ^^ Ti' - ^''' iiiiits as before. 

i + a-mx^ 

This is a usefdl rule for many cases, such as the wall of a 
furnace which has the temperature of the fire itself on one side, 
imd is exposed to the air and radiant objects at low temperatures 
on the other side. 
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(289.) The loss of heat may also be calculated from the 
known temperatures of the external and internal air only ; this 
is perhaps the most useful formula, because ordinarily these are 

the only known temperatures : U = gV o A 4- E^ 4- E A Q ' 

which for our case becomes 

•398 X 4-83 X 1.134 x (60 - 30) 



[4-83 X (2 X -398) + (-736)] + (14 x '398 x 1-134) 
as before. 



= 4*77 units 



Table 78. — Of the Value of U, or the loss in Units per square foot 
per hour, by a Room exposed on all sides to Air, &c., 1° cooler 
than the internal Air (walls 40 feet high). 





Brickwork. 


stone. 






Thickness. 


U. 


Thickness. 


U. 






Brick. Inches. 




Inches. 








J = 4J 


•2312 


6 


•261 




_ 


1 = 9 


•1910 


12 


•234 




r*" ■■ 


IJ = 14 


•1590 


18 


•212 






2 = 18 


•1404 


24 


•194 




• 


3 = 27 


•1113 


30 


•179 






4 = 36 


•0920 


36 


•166 





Table 78 has been calculated by these rules for stone and 
brickwork, for the latter we have taken at 4*83, and for stone 
at 13*7, while E and A have the same yalue for both, namely, 
R = '736, and A = •398. Thus, take the case of a building, say 
40 feet high, 100 feet long, and 60 feet wide, exposing 12,800 
square feet, with internal air at 60° and external air at 30°; 
each square foot of brickwork, say 14 inches thick, will lose by the 
Table -159 unit for 1°, or for 30° -159 x 30 = 4^77 units per 
hour, and the total loss will therefore be 4-77 x 12800 = 61056 
units. With stone walls 2 feet thick, the loss would have been 
•194 X 30 X 12800 = 74496 units. For walls a little more 
or less than 40 feet high, the loss will be very nearly the same 
as per Table 78, and for ordinary cases the tabular numbers are 
correct enough for practice. 

(290.) We have so far considered only the case of a building 
exposed on aU sides to cooling influences. When only one face 
is exposed, as in the case of a room forming part of a large 
building, the case is somewhat different, and may be illustrated 
by Fig. 84, in which W is a room, only one wall of which is 



U9 
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es^osed to the external air and radiant objeofs at 3(P, &e 
internal air and sur&ces of walls G, H, J, bmng maintained at 
60^, and let IF, F, F, &c., be pther rooms. The interior snr^Bboe 
of ^e wall B, whose condition we are now to consider^ is there* 
fore exposed not only to air at 60°, bat also to radiation from 
^bB other walls at 60^ also; it will therefore haye a higher 
temperature than before, and will in conseqtienoe transmit more 
heat Being exposed to similar infinenoes on both sides, that is 
to say, being heated on one side by air and radiant bodies 
having one and the same temperature, and cooled on the other 
m the same manner, and the ralne of B and A being the same 
for both internal and external snr&ces, the temperature of the 
wall ai (he centre of its thkknesa will be a mean between T and IVy 

fiO -i- SO 
<* — 3^ — = 45°, as in Fig. 83, which represents a portion of 

the wall B on a larger scale. 

It will be seen by inspecting the figures, that this is analogous 
to the case of a wall 7 inches thidc, with one surface main- 
tained at 45°, while the other is exposed to air and radiant 
objects at 30°, as at P, and we can calculate the amount of 
heat transmitted by our formula (288), which in our case 

becomes s^ = 6*4 xmits per square foot per 

i + i-mxjgg 

hour; This is the amount transmitted from M to N, Fig. 83, 

ond the same amount would pass from L to M because the 

conditions ore the same, namely, the same thickness of wall, or 

7 inches, and difference of temperature, or 16°; so that a wall 

14 inches thick exposed to air and radiant objects at 60° on one 

side, and air and radiant objects on the other side at 30°, will 

transmit 6'4 units per square foot per hour, and this we have 

found without knowing the temperatures of the surfaces of the 

wall. 

(291.) We can now find the temperatures of the two surfaces 

of the wall B ; the internal surface has to receive 6*4 units, and 

as for 1° it would receive only 1*184 unit (namely, the value of 

6-4 
Q), its temperature must be i.-ioj = 5°*64 lower than the 

internal air, &c., or 60° — 5^*64 = 64°'86. Again, the external 

face has to lose 6*4 units, and must be 5°'64 warmer than the 

external air in order to do so, its temperature will therefore be 
30^ _^ 50-64 - 350-64. 
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Knowing now the temperatures of the two faces of the wall 
B, its thickness, and conducting power 0, we may verify these 
calculations by the formula (285), which in our case becomes 

^^ — j7 = 6'4 units as before. This is con- 
siderably more than the loss by a building exposed on all sides, 
which we foimd to be 4:'77 units for the same internal and 
external temperature. Table 79 gives the loss in units per 
square foot per hour for buildings of brick and stone. 

Table 70. — Of the Loss of Heat per Square Foot per Houb by Brick 
and Stone Walls, 40 feet high, in Buildings where only one face is 
exposed, and for 1° difference of Internal and External Temperature. 



Brickwork. 


Stone.. 


Thickness. 


U. 


Thickness. 


U. 


Brick. Inches. 




Inches. 




i = 4i 


•371 


6 


•453 


1 = 9 


•275 


12 


•379 


IJ = 14 


•213 


18 


•324 


2 = 18 


•182 


24 


•284 


3 = 27 


•136 


30 


•257 


4 = 36 


•108 


36 


•228 



(292.) It may appear anomalous that a building exposed on 
all sides should lose less heat per square foot than a wall in 
a room exposed to cooling influences on one side only. We 
assumed for our illustration in Fig. 84 that the temperature of 
the internal surfaces of the walls G, H, J, in the room W was 
60° ; but we have seen that the wall B borrows heat from them 
to the extent of •736 x (60° - 54°' 36) = 4-16 units per square 
foot per hour ; H will furnish the largest share, and we may 
assume it at one-half, and as the areas of H and B are equal, 

each square foot- of H will give out to B —^ = 2 • 075 units per 

square foot, per hour. But to do this, its surface K must be of 

higher temperature than H, and the difference of temperature by 

, UxE , ,^ .„ , . 2075x9 ^^ ^^ 

the rule — ^ — = (< — r) will be in our case — jTgQ — = 3°*86 ; 

the temperature of K must therefore be eO"" + 3° • 86 = 63° • 86 ; 
and as we may suppose that the heat received by K is derived 
from the air in the room E', that air must be still warmer than 

2-075 



K to the extent of 



398 



= 6° • 2 ; the temperature of ti^ ^ks. \sv 
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If will therefore be 63°-86 + 6°'2 = 69°-06. Thus « appiMm 
that to seenre the conditions we assumed for the room W^ wiili 
air and walls at 60°, a higher temperature is necessary in the 
rest, of the building, and for that reason more heat is loe^ b j 
&e wall B than in a case like Fig. 80. 

(293.) << Lo88 of Heat hy Glass in Windows, <£d."— We will first 
tate the case of a window in the room. Fig. 85, in which the 
interior walls and internal air in contact with the glass haye 
one and the Sfune temperature of 60°, and all the external 
radiant oHects and external air have one and the same tempera- 
ture of 80°. In that case, the glass being heated on one side 
and cooled on the other hj similar influences, will have a tem- 
perature m the centre of its thickness (290), a mean between 

60 + 30 
the two, or in our case t" = — g = *6°> and with thin glass 

we may assume that it has this temperature thronghotit. We 

may calculate the amount of heat receiyed from within and 

dissipated without by the rule IT = Q x (T — t"). For ghss 

the yalue of S is by Table 71, *5948, and the yalme of A by 

Table 74 for a window say 5 feet high, is *4655 ; therefore 

Q = *5948 4- •4655 = 1-0603, and in our case the loss is 

1-0603 X (60° - 45°) = 15-9 units per square foot per hour 

for 80° difference of internal and external temperature, or 

15*9 

-oTj- = • 53 unit for 1° by a window 5 feet high ; for 10 feet 

and 20 feet the losses are '515 and -504 respectiyely. 

(294.) We will now consider the loss by a window in a room 
like Fig. 80, in which the glass is exposed internally to air at 
60° and radiant walls at 48°- 02, while externally the temperature 
of both the air and radiant objects is 80°. In this case the 
temperature of the glass will not be a mean between T and T', 

(T-Ox A . ^, 

/but will be given by the formula t" = ^ ^ , 

which in our case becomes 

'4655 +-5948 ^ ^ _ iP-65 

This case is shown by Fig. 82 ; the heat received from within 
by contact of the air will be, A x (T — t"), or in our case 
•4655 X (60° - 41° -65) = 8-41; and by radiation, = E x 
(t-f); in our case, -5948 x (48° -02 -41-65) = 3-789 units, 
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making a total of 8 • 541 -^ 3' 789 = 12 • 8 units per square foot 

per hour. It is obvious that the same amount of heat has to be 

dissipated on the external objects ; here, however, the loss arises 

from radiation and contact of air both at the same temperature, 

and we have U = (A + K) x (t" - T') ; in our case (-4656 + 

•6948) X (41° -65 - 30°) = 12-3 units, or the same as the heat 

received, proving that the temperature we found for the glass is 

correct. For 1° difference of internal and external air, tiie loss 

12-3 
is ~oA~ = '41 unit per square foot per hour for a window 

5 feet high ; for 10 feet high and 20 feet the losses are *4 an4 
•391 respectively, 

(295.) "Xo«« hy Glass-Jimises, Conservatories, dcJ" — We will 
lastly consider the case of a glass-house exposed on all sides to 
air and radiant objects at 30°, the internal air being maintained 
at 60°, as in Fig. 86 ; here all the internal surfaces having the 
same temperature, all the heat received from the interior must 
be given out by the contact of heated air only ; but the heat 
thus received is dissipated on external objects boih by radiation 
and contact of air. The temperature of the glass will therefore 
not be a mean between T and T', but will be found by the 

formula t" = ^^ ^ 2 v A'^X'R * Taking the height at 

10 feet, our Table 74 gives • 435 for the value of A, and B being 
• 5948 as before, the rule becomes in our case — 
(•435 X 60°) + (-435+ -5948) x 30° _ 

(2x -435)+ -5948 " "^^ ^' 

which is the temperature of the glass ; the heat received from 

within will be A X (T - t"); in our case, -435 x (60° - 38°-9) 

= 9 * 17 units per square foot per hour ; and the heat dissipated 

without will be (A + E) X (t" - T'), in our case ( -436 + • 5948) 

X (38°- 9 - 30°) = 9-17 units also. For r difference of 

9-17 
internal and external temperature we have therefore "qa~= *806 

unit per square foot per hour, 

(296.) Thus for the three cases we have investigated, we 
have found three different values of U under otherwise similar 
circumstances, namely, • 53 for a window in a room with only 
one face exposed ; • 41 for a window in a brick building with 
14-inch walls, exposed on all sides ; and '306 for a glass-house. 
Comparing the loss by glass with that by the 14-indi walls, we 
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•58 •41 

Sad jn the firtt case TgTQ » 2*6}U)diiiihe8eoond*;7gge2*^ 

times more Iieat lost by tiie glass Hum bj the walls.' 

(297.) 1%e foregdbog facts and results will enaUe us to 
eatj^bun some anomuies whioih are matters of common observi^ 
tion, bat the philosophy of which is not generally mtdcnrstood. 
Thus, fox instance, it is well known that a room warmed by «i 
jo^gm fbre is mnoh more comfortable to the occapants &ia if 
heated by steam or hot-water pipes. Fig. 80 may illustrate this 
case; say that the air is heated by steam-pipes to 60^, and 
impiffts its heat to the walls and the window, both are theNioEe 
of necessity colder than the air, and our fignre shows tliat t&e 
walls are about 12°, and the glass 19% colder than the air. The 
oocnpant is therefore suflbring from the abstraction of his anxmal 
heat by radiation of walls at 48° and windows at 41°, while flie 
air is at the comfortable temperature of 60°, and if we would 
raise the waUs to 60% it could only be done by raising the teoflh 
peratuie of the air to about 75% which would be oppreestTB and 
uiljurious. 

(298.) When a room is warmed by an oi^en fire, the wbBs are 
wanner than 'the air, for radiant heat has the remarkable -pta^ 
p^rty of passing through air (in moderate thickness) wx&out 
raising its temperature (268). By a common open fire, radiant 
heat only is given out usefully, for all the heated air passes np 
the chinmey and is practically lost, and the radiant heat, passing 
through the air without sensible loss, is absorbed by the walls, and 
raises their temperature. The air enters the room by the crevices 
in the door-way and windows, at the external temperature, and is 
heated by contact with the walls, but must obviously be always 
colder than the walls by which it is heated, so that the occupant 
breathes air refreshingly cool, while the walls being compara- 
tively highly heated, do not absorb his animal heat with incon- 
venient rapidity. 

It will be evident from this, that to obtain a comfortable 
temperature the walls themselves must be heated rather than 
the air. This may be done by causing hot air to pass by 
channels formed in the walls, see (353) and Fig. 110, The 
same result may be obtained by open fires or stoves highly 
heated. But in the last case, the air heated by the outside of 
the stove should pass away up the chimney without mixing 
with the air in the room, so that the radiant heat alone would 
be utilized, and half the heating power of the coals would be 
wasted. 
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CHAPTER XIII. 

LAWS OF COOLING AT HIGH TEMPEBATUBES. 

(299.) With high temperatures and great differences of tem- 
perature, the simple formulas we have given require correction, 
as we have stated in (267) and (271). 

"I«o«« by Badiation" — The rule in (267) assumes that the 
loss by radiation is simply proportional to the difference of 
temperature of the radiant body and the absorbant ; but Dulong 
has shown that with the same difference the loss varies with 
the absolute temperature of the absorbent, so that, for instance, if 
in Fig. 74 the temperature of W W had been 212° and of S = 
213°, the loss of heat per degree would have been about double 
the amount with the respective temperatures 60° and 69°. The 
loss of heat increases also in a much more rapid ratio than the 
difference of temperature, thus, with 432° difference, and with 
the absorbent at 212° (the Badiant being in that case at 644°), the 
loss per degree is six times greater tiian at low temperatures 
as in (267). Dulong has given rules which agree well with ex- 
periment, up to a difference in temperature of 468°. This rule is 
a very difficult one to apply, but it may be put in such a form as 
to give a ratio by which calculations by the simple rule may be 
easily corrected. The rule then becomes 

1 24-72 X 1-0077 * x (1'0077^-- 1) ^„ 

r£ = R , 

in which t = the temperature of the absorbent, or recipient of 
radiant heat in degrees centigrade; T = the excess of tem- 
perature of the radiating body in degrees centigrade ; and E'' = 
the ratio of loss of heat under the given temperatures. Table 80 
has been calculated by this rule; but the temperatures are 
reduced to Fahrenheit's scale. The constant 124*72 is given 
by Peclet, who found the rule to agree perfectly with his own 
experiments. The loss of heat at very high temperatures, as cal- 
culated by this rule, becomes exceedingly great, as is shown by 
Table 82. In all probabilty there is considerable error in 
applying the rule to such extreme cases ; but we obtain by it a 
nearer approximation to the truth than we could get without its 
assistance. This Table shows that with a radiant body at a 
clear red heat of 1860°, the loss is about 300 I times the amount 
due by the simple formula, and at a bright white-heat of 2580° 
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it rises io 4604 ! ! times that amount. This may be very incor- 
rect ; but the extreme rapidity with which a body at white-heat 
cools down to orange and cherry red, &c., seems to indicate 
that at extreme temperatures the loss of heat is exceedingly 
rapid. 

(300.) The application of Table 80 is very simple.. Say we 
have a mass of wrought-iron heated to 600° in a chamber whose 
walls are at 190°* By Table 71, the radiant power of an ordi- 
nary surface of wrought-iron is • 5662, and by the simple rule 
we have * 5662 x (600 — 190) = 232 units per square foot per 
hour ; but by Table 80, the nearest number to the temperature 
of the absorbent is 194°, and to the difference or (600 — 190 = 
410°), is 414°, and the ratio for those two numbers is by the 
Table = 5 '26, and the true loss by radiation in our case is 
therefore 232 x 5*26 = 1220 units per square foot per hour. 

(301.) "Lo88 by Contact of Air T — The researches of Dulong 
show that the loss by contact of cold air is independent of the 
absolute temperature of the heated body, differing in this respect 
fi*om radiant heat ; but he found that the heat lost increases 
more rapidly than the simple ratio of excess of temperature. 
Putting his formula, with the constants given by the experi- 
ments of Feclet, in such a form as to give us a ratio for the 

*552 X t^'^^ 
different temperatures, we have the rule 1 = R'", in 

which t = the difference of temperature of the body and 
the air in contact with it in degrees centigrade, and Ti"' =. the 
ratio of loss of heat with that difference ; and thus we obtain 
the numbers in Table 81 and in col. 5 of Table 82. It will be 
observed that the departures from the simple law are much 
less than with radiant heat; at the extreme temperature of 
2580°, and with air at 59°, the loss is only 2*985 times the 
amount given by the simple rule. 

Applying this to the case in (300), say that the heated body 
was a vertical plane 4 feet high. Table 74 gives • 478 for the 
value of A, and with the air at 190°, we have by the simple 
rule -478 x (600 - 190) = 196 units; but for a difference of 
410°, the nearest number in Table 81 is 414°, for which the 
ratio is 1*96, and hence we have 196 x 1*96 = 384 units per 
square foot per hour. Adding the respective losses by radiation 
and contact of air together, we obtain 1220 -(- 384 = 1604 units 
as the total loss per square foot per hour. 

(302.) We may apply these rules to the case of a steam-pipe. 
Say the air of the room and the walls are at 60°, and the steam- 
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Table 81. — Of the Batio of Heat Emitted or Absorbed by Contact 
of AiB with given Differences of Temperature. 



IMflferencc of 
Temperature of 
the Air and the 
Bo()y in Contact. 




Difference of 




Temperature of 


Batio of 


the Air and the 


Heat 


Body in Contact. 




2S2 


1-742 


270 


1-774 


288 


1-800 


306 


1-827 


324 


1-852 


342 


1-874 


360 


1-897 


378 


1-920 


396 


1-940 


414 


1-960 


432 


1-980 


450 


2-000 



pipe at 210°, or 160° difference. Then the correction for radiant 
heat by Table 80 is say 1 • 5, and for contact of air by Table 81 
= 1 • 56. Table 76 gives for horizontal cylinders of 2, 8, 4, and 
6 inches diameter, Sie respective values of A at • 728, • 6256, 
• 6745, and • 523, and we have 

Units_per 
By By Sq. Ft. 

R. Diff. Ratio. Radiation. A. Diff. Ratto. Contjict. per Hour, 

For 2in.diam.(-7xl50xl-5) = 157 5,andr-728y 150y 1-55)= (69-5 = 327 

3 „ „ „ (-6256 X loO X 1-55) = 145*5 = 303 

4 „ „ „ (-5745 X 150 X 155) = 133-5 = 291 
6 „ .. .. (-523 X 150 X 1-55) = 121*5 = 279 



>» 



>> 



r» 



The weight of steam condensed to water at 212° per hour will 
be fomid by dividing the units of heat by 966 (the latent heat 
of steam), and we thus obtain -338, -312, -301, and -289 lb. of 
water per square foot per hour. 

(303.) ^'Enclosed Pipes, dc" — It should be observed that 
these calculations apply strictly to the case of a pipe freely 
exposed to air and radiant walls, &c., both of the same tempera- 
ture, and this is nearly true where pipes are fixed in the room 
to be heated ; but where they are enclosed in small channels 
under the floor, the case is very different, for in that case the 
walls enclosing the pipe become highly heated, and were they 
not continuously cooled by the air passing through them, 
they would soon take the same temperature as the pipe itself^ 
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Air. und" 
Otilccta. 
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I^..o. 


Coaaa of 


430 

600 

780 

960 HcJ, just visible .. 

lltO 

1320 DiiUreil .. .. 
1500 Dull uherry red .. 
IC80 CliBlry red .. .. 
ISOO Clem- red .. .. 
2220 Clenroranfre.. .. 
25S0 Wliite, briglit 


G 





4§0 
540 
720 

[too 

1030 
12fi0 
1440 
]t)20 
18U0 
21 UO 
25^0 


3 

7 
12 
23 
42 
80 
154 
2a9 

4«oi 


10 
19 
17 

01 
70 
67 
5 
7 




2 

2 
2 
2 
2 
2 
2 
2 

2 


9E0 
085 
230 
348 
450 
540 
620 
693 
760 
»80 
985 



Note.— For the lose at lovet TempeMtoree, see Tables 80 aud 81. 

radiation &om the pipe would cease altogether, and it would 

five out only about half tho amount of heat. Taking the 
-inch pipe as an sample from the oases just calculate the 
loss by radiation is '7 X 160 x l"fi = 157-fi units, or rather 
more than half of the total heat Bmitted, which was 291 units.' 
But the heat received by radiation &om the pipe is given out 
again by the wall to the air, and the temperature of the Avail 
rises only until the two are equal to one uiother. This tem* 
peratnre we find by trial to be about 158°. The wall will then 
be 210— 168 = 52° colder than the pipe, and the ratio by 
Table 80 being 1 - 83 for a recipient at 168°, and the absorbent 
powers of brickwork being by Table 71 "736, we have -736 x 
52 X 1 ' 83 = 69 ■ 7 trnita received from the pipe. The amount 
given out by the wall to the air may be found by tabing the 
value of A for a wall say 2 feet high &om Table 74 at -628 
and the ratio from Table 81 for 158^- 60° = 98° difference at 
say 139, and we have -628 x 98° x 1-39 = 71-9 units, or 
nearly the same amount as was received, ahowing that the 
temperature of 158° is nearly correct. The pipe at 210°, exposed 
to absorbing walla at 158°, and air at 60°, wiU lose(-7 x 52 x 
1-83) + (-5745 X 150 X 1-56) = 200-2 nnits instead of 291 
units, as we found for the case of air and walls of the same 






* 

300*2 
temperatnie ; ike ^o ig qqi - *6B8, or mv 70 per eeni; 

(804.) '«£f6<^ o/ PdUshed Meklt Surfaces, ^Cc."— -The amount 
of neat lost by contact oi^ air is not affected by the nature of 
the surface of the body, Ibnt that lost by radiation TaiieB ex- 
ceedingly, and the sum total is modified considerably. This 
may be illustrated by taking the case of a horizontal pipe 4 
incbes diameter ontside, as in the last examples, heated at 210% 
ynSi air at 60°, &a, bat with varying charfuster of radiating 
SiiifiMe» Taking the yalnes of B from Table. 71, and A as 
before f^m Table 76, at *5745, we hare the results shown 1^ 
Table 83. 

^ It will be observed, that the difference between 1^ pipe in its 
ordinary state and a whitewashed one is very smw indeed; 
blackening with lamp-bkck inc^ases the loss about 11 per 

cent. ; and li^.blackened pipe loses 239.55 - 2*27 times as nmdb 

heat as (me of silvered copper highly polished lilos it mizxor* 
Wheire it is desired to Ipse as little heat as possiUle, tinned iron 
(or common ti47plate) is a very effective and cheap material, 
josing less than half uie amount of a blackened sur&ce. 

(305.) ^^ Effect of Thickness of Metal in Pipes heated intemaUy.** 
— We have assumed in the preceding calculations, and elsewhere 
throughout the work, that the outside of a steam-pipe has the 
same temperature as the steam, &c., inside, and this is practi-- 
cally true with thin pipes, such as are commonly used. With 
great thicknesses, however, the external temperature becomes 
sensibly less than that of the internal steam ; it will be in- 
teresting to investigate the case generally. 

We cannot calculate the loss of heat by the ordinary roles 
(274), because the surface dissipating the heat has a greater 
area than the surface receiving it ; the ordinary rules suppose 
the wall^ &c., transmitting heat to have parallel plain surfaces 
and to have a very large (or infinite) area, so that the heat may 
be considered as travelling in parallel lines from surface to 
surface, but in a thick pipe the heat travels in radial lines, 
and the amount transmitted cannot be calculated in the common 

Let r = the radius of the inside of the pipe, in inches, 
r' = „ outside „ 

It = the radiant power of the outside surface. Table 71^ 
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Let A s^ the loss of horizontal cylincler by contact of uir 
(278), and Table 76, 

3 oondncting power of the material of the pipe, Table 
77. 
. N = (log.r'-log.r}x2-3. 

i s temperatme of the steam, &o^ «nd of inside snr&oe. 
T' =s » . external air, and xadiant objects. 

U a nidts of heat lost per square foot per honr. 
IT' s „ per foot rmi per honr. 

^h,^ -5283>cQ><r-xOx(<-T0 ,^. ; 

+ (Qxr'xN) . ;, 

Taking the case of a pipe 4 inches bore, 4 inches thick in 
cast-iron, 12 inches ontside diameter, with steam at 212P find 
air, &o^ at 60^ or 1^2^ diffarenoie, we may take B at *7, A.»t 
•4722, Q at 1*1722, and at 283, for N we have log. of 6 « 
•778, and log. of 2 = -801, and N « (-778 - -801) x 2-8 « 
1 ACT A^%. ^ ^^ -5283 x 1'1722 x 6 x 288 x 162 

1.097, and the rnle becoines , 288 + (ia722 x 6 x I'O^tl 
= 541*6 nnits per foot ran.; and a pipe 12 inches or 1 iooi 
diameter, haying an area of 8*14 sqnare feet per foot in leiupth, 

541*5 
tiiis is ^nal to -gTjr = 172*4 nnits per sqnare foot per honlr. 

(306.) Bat with a good conductor of heat, such as cast-iron, 
the external temperature of the pipe will be high, and these 
numbers will require correction (299) (301) by Tables 80 and 
81, and to apply these we require to Imow the temperature of 
the external surface. 

U, 

By the rule in (286) U = Q x (< - T'), and hence ^ = 

172-4 
{t — T'), which in our case becomes ttttoq = 1^*^° above the 

atmosphere ; the temperature of the outer surface must therefore 
be 147 + 60 == 207°, or 5° less than that of the inside of the 
pipe. With that temperature, the correction by Table 80' is 
1"48, and for A by Table 81 1*636, and calculating the true 
loss as in (302) we have (-7 x 1-48) + (-4722 x 1-535) x 
147 = 268 • 8 units per square foot per hour, or 258 • 8 x 3 • 14 
= 812 • 6 units per foot run. 

With a pipe infinitely thin in metal : A becomes • 5745, Q 
1 • 2746, C is cut out, and N being 0, the expression (Q X r' x N) 
vanishes, and the rule becomes •5233 X Q X »*' X (< ^ T'), or 
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in our case -6233 x 1*2745 x 162 = 202*77 units per foot 

8-14 X 4 
run, or the area of a 4-inch pipe being ^-^ = 1*0467 

202-77 
square foot, the loss is i .04^7 = 193*7 units per square foot. 

This might hare been calculated by the common rule, Q x 
{t - T') = U, or in our case 1*2475 x 152 = 193*7 units per 
square foot per hour, or the same as by the other rule. 

Correcting these numbers by Tables 80 and 81, we have the 
true loss for 162° difference = (*7 x 1-6) + (-6745 x 1-65) 
X 162 = 294*9 units per square foot, or 294*9 x 1*0467 = 
308*7 units per foot run per hour; so that the pipe 4 inches 

thick loses oQgTy = 2*6 times as much heat per foot run, as one 
infinitely thin. 

Table 84.— Of the Loss of Heat by a Horizontal Cast Iron Pipe, 
4 inches bore, with different Thicknesses of Metal, heated with steam 
inside at 212^, and freely exposed to air, &c., at 60®. 



Diameter 

of the Pipe 

io inches. 


Thick- 

netisof 

Metal 

in 
inchei. 


L068 of Heat per Hour. 


Temperatare. 


Per foot ran. 


Per 
Sgoare 

Foot 
Units. 


Of the 
External 
Surface. 


Of the 
Internal 
Surface. 


Difference. 


Inside. 


ODtside. 


Units. 


Ratio. 


4 
4 
4 
4 
4 


4 

6 

8 

12 

16 




1 
2 
4 
6 


308-7 
441 17 
671-4 
812*6 
1021-6 


00 
1-4291 
1-851 
2-600 
3-300 


294-9 
281 
273-0 
258-8 
244*0 



212 
211-022 
210 
207 
191 



212 
212 
212 
212 
212 


°000 
•978 
2-0 
5-0 
21*0 



Table 84 has been calculated in this way ; we find that even 
with the great thickness of 4 inches, the external temperature is 
only 5^ less than that of the steam ; with a thickness of 1 inch 
the difference is less than 1°, and of course with a pipe of the 
ordinary thickness of -j^ to ^ inch, the external temperature 
will be sensibly the same as the internal, and the assumption 
that the heat lost is proportional to the external diameter is 
practically correct. 

(307.) " Steam Pipes, dc, cased in Bad Conductors of HeaiJ* 
-The loss of heat by naked pipes to steam-engmes. &c., is very 
considerable, and where the length is great it becomes serious, 



172 LOSS OF HEAT BY PIPES CASED IN BAD CONDUCTORS. 



Hot only from the waste of fuel, but from the formation of wateif 
by condensation, which is obstructive to the working of the 
engine. Thus, with 36 lbs. steam, having by Table 11a tem- 
perature of about 280°, the loss of heat by Table 66 with a 
i-inch pipe would be 687 units per foot run per hour, and as 
by (48) a horse-power requires about 70,000 units, we find 
that a 4-inch steam-pipe, 4§ diameter outside and 100 feet long, 

587 X 100 „, , n^. . 

would lose — YOOQQ — ~ * o4-horse power. This loss may be 

greatly reduced by casing the pipes in a material which con-» 
ducts heat badly : see Table 77. The woollen felt which is made 
for this special purpose is the best and cheapest material. 

Adopting the same notation as before (306), but putting G 
for the conducting power of the casing, and r" for its outer 
radius, N will be (log. r"— log. r') x 2*3, and the rule becomes 
'5233 X Qxr" xCxit-T) ^ 

C + (Qxr"xN) " . . 

For illustration of the effect of casing with different materials, 
we will take the case of a pipe 4 inches outside diameter, heated 
to 212°, the casing being covered in all cases with canvas, so as 
to give the same radiating power to the outer surface, and thus 
exhibit the variation in loss of heat due to conducting power alone* 





Thickness of Casing in Inches. 




C. 


^-inch. 


1 incb. 


2 inches. 


4 inches. 


6 inches. 


Woollen Felt, or CJotton\ 

Wool / 

Sawdust 


*323 


79-5 


52-4 


34 


22-5 


18-1 


•523 


108 


76^7 


52 


35-6 


2S'92r 


Fir - wood (transmission 'i 
perpendicular) . . . . / 


•748 


131 


99 


71 


49-6 


40^7 


Coal Ashes (coke pul-i 
verized) / 


1-29 


165 


138 


108 


80-6 


67-6 


Plaster .. 


3-86 


216 


216 


209 


189-0 


172 


Stone 


13-68 


244 


272 


316 


367-0 


388-0 


Marble, grey, fine . . . . 


28-00 


250 


287 


352 

* 


452-0 


519^0 



Thus, for instance, with a casing of fir-wood, 1 inch thick, the 
outer diameter becomes 6 inches, r" = 3 inches, E by Table 71 
for canvas or calico = '7461, A by Table 76 = -523, therefore 
Q = 1-2691, and C = -748 by Table 77. For N we have log. 
3 = • 477 and log. 2 = -301, and N = (-477- -301) x 2-3 = 
•405. Then the rule becomes — 
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'5233 X 1-2691 X 3x '748 x 152 .. . .. ,^ 

•748+(l-2691x3x -405) = ^^'^' "' "^^ ^^ ^*» 
per foot mn per hour. 

Calculating in tlus way with the different conducting powers 
and thicknesses, we obtain the numbers in the preceding Table. 
(308.) With low conductors such as woollen felt, and con- 
siderable thicknesses such as 4 or 6 inches, these numbers are 
correct enough for practice, but with thin casings and better 
conductors, the external temperature will be high, and they 
require correction by Tables 80 and 81. We must first find the 
temperature : continuing the case with fir-wood, in which we 
have a loss of 99 units per foot run, the area of a 6-inch cylinder 

3-14 X 6 
is — Vrt — =1*67 square foot, and the loss of heat per square 

99 
foot is fTnif = 63 units, and the excess of temperature being 

TT fi^ 

Q = (< — T'), becomes in our case iTog'dT = ^0° above the ex- 
ternal air, and the temperature of the external surface is 50 + 
60 = 110°, With 60° excess, the correction of E by Table 80 
is 1-2, and of A by Table 81 = 1*22, and the irue loss of 
heat is (-7461 x 1-2) + (-523 x 1-22) x 50 = 76 units per 
square foot, or 76 x 1 '57 = 119 units per foot run per hour. 

Comparing this with the loss by a 4-inch pipe uncased, but 
still covered with thin canvas, the corrections for 152° diflferenoe 
by Tables 80 and 81 are respectively 1 • 5 and 1 * 55 as in (302), 
and we have (7461 x 1-5) + (-5745 x 1-55) x 152 = 305-4 
units per square foot, or 305*4 x 1*0467 = 320 units per 

119 
foot run, the ratio is qoA = *372, the uncased pipe being 1*0« 

Table 85 has been calculated in this way throughout : it will 
be observed that with low conductors, such as woollen felt, the 
loss becomes rapidly less with increase in thickness, but with 
such good conductors as stone and marble, the loss with all 
thicknesses is greater than by an uncased pipe, and the thicker 
the casing, the greater the loss; it is therefore worse than 
useless to use even moderately good conductors for such a 
purpose, and it is to illustrate this fact that such materials are 
introduced in the Table. 

(309.) The effect of a given thickness of casing is not quite 
the same for all diameters of pipe ; Table 86 gives the loss of 
heat by horizontal pipes of different diameters from 2 to 12 



Table BB.— Of the Losb of Heat b, 
eased in different TiiickaesBea of vi 
the Loss 



HUerld Df tbe O^ig. 


Cd. 


T«.»».o.C^<.. 


l-lDdlthlok. )lBCillld<k 1 


ill) 


i^.ia«^p,.^^.\r^ 


l«irfHwlFer!«ur.(T™p.f 




PnFwlnm. 




UnlU 


>..tio.ffi"'. £-1™* 


Eilto. 


Woollen Felt, or Cotton! 
Wool J 

Fir -wood (trananxaaion) 

Coal Aehw (,Cuke puj-l 

'■Prized) / 

Plaster, oommoa . . 

Stone 

Marlil©,grej, fine .. .. 


■323 
■523 
■748 
1-29 
3 '36 
13'S8 
28^00 


93 
131 

106 
225 
313 

sua 

37ti 


-2900 
-409 
-519 
■703 
■978 
1-14 
1-175 


1 9 

7i 107 

100 . 123 
127 137 
172 158 
239 188 
279 204 
287 1 208 


fie 

86 
119 
173 
293 
407 


■175 33-7 ^ti 
■269 54-9 98 
■372 7S-0 110 
■541110 129 
-B34|191 168 

1' 272 269 197. 

!■ 344 274 204 


N0TB.-TheTaHoiiith 
wood oaaing, 2 inches thie 


a Table gi«a the lose by tbe ca«» 
k, the loes per foot run ie ■238, 


i5rt,'ZC^V> 



uLclies, cased with from | inch to 6 inches of felt, £c. Tbe low 
temperature of the external Burfoce with considerable thickueesea 
is remarkable ; thus a 14mch pipe with 6 inches of casing has 
a aur&ce tempeiature of 63°-58, or S°-G8 only Bbove the 
atmosphere. The ratio in this Table gives the comp&rutiTe 
losses with eased and mked pipes (not covered with canvas as in 
Table 85) ; this is obtained b; the same method aa in (802), and 
thus we have — 

R. Rido. A. Btllo. ms. Id fHt trnlM. 

For 2-inch pipe (■7xl-5>+(-728 xl'55)xl52x ■5236=I73^4 W 
4 „ „ (-5745xl-55)xl52xl-0467-308'7 (J d 

8 „ „ (■4978xl-55)xlS2x2-094 ^576^5 f j, I 

12 „ , (■4722xl'55)Xl52x3-142 =851^0 Jfi 

Table 86 shows that a 4-iQch pipe cased in 2 inches of felt 
loses Zi- 7 nnits per foot nm, but we see that the naked pipe 

would have lost 308-7 units, or ai'pf = 8'9 times as much aa 
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AMETBB, heated to 212% freely exposed to Air and Radiant Objects at 60°, 
.nvas ; showing the effect of the varying Conducting Power of the Casing on 
Heat. 



>B 4 Ikches Diameter Outsidb. 



2 inches tblck. 


4 IncheA thick. 


6 inches thick. 


DBS of Heat per boar. 


Temp, 
of the 

Ex- 
ternal 

Sur- 
face. 

o 
73 

80 

87 

101 

liO 
181 
195 


Loss of Heat per hour. 


Temp, 
of the 
Ex- 
ternal 
Surface. 


Loss of Heat per hour. 


Temp. 


*er Foot mn. 


Per 

Foot 

square, 

Units. 


Per Foot run. 


Per 

Foot 

square, 

Units. 


Per Foot run. 


Per 

Foot 

square, 

Units. 


of the 

Ex- 

teniAl 


nit& 


Ratio. 


Units. 


Ratio. 


Units. 


Ratio. 


Surface. 


14-7 
Ht-8 
'6-1 

14 

'2 

10 
.9 


•1086 
•1725 
•2380 

•3875 

•8500 
1-407 
1-622 


16-6 
26^2 
36^4 

59^5 

130 
215 

248 


22^36 
35-86 
51-15 

85-7 

223 
499 
644 


•070 
•112 
•160 

•268 

•697 
1^66 
2^01 


7 124 
11 42 
16-29 

27 3 

71 

159 
205 


65° 88 
69^27 
73 

81 

109 
156 

178 


18^10 
28^92 
41^06 

69 

201 
498 
720 


•0566 
^904 
•1283 

•2156 

•628 
1-55 
2-25 


4 323 
6-908 
9-81 

16-6 

48 
119 
172 


63° 58 
66-73 
68-04 

73-4 

95 
137 
163 



38 by a pipe without casing, but covered with canvas like the others ; thus with fir 
ing 1*0, &c. The uncased pipe loses 320 units per foot run. 



the cased pipe. This ratio is given for each diameter and 
thickness in the Table, and may be used with sufficient correct- 
ness to find the loss by other sizes of pipes : thus with 2 inches 
of felt, the ratio for a 4-inch pipe is 8*9, and for 8-inch 9 • 71, a 



6-inch one might therefore be taken at 



8-9 + 9^71 



= 9^3. 



Then by Table 66 the loss by a 6-inch naked pipe at 210° is 

493 units per foot run ; cased in 2 inches of felt, this would be 

493 
reduced to q7o = 53 units, &c. It will be observed that very 

ihin casings of felt are effective in reducing the loss of heat ; 
thus |-inch reduces the loss to less than half the amount with a 
naked pipe, &c. Great thicknesses are very effective, but they 
become imsightly from the great increase in bulk ; one inch is 
a common thickness, and the loss is then about ^th of that with a 
naked pipe. 
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CHAPTEK XIV. 

ON THE TBANSMISSION OF HEAT BT CONDUCTION. 

(310.) When heat is applied to the surface of a solid body, it 
is transmitted by conduction from particle to particle, and is 
gradually absorbed by the mass. The rapidity with which this 
proceeds, depends not only on the conducting power of the 
material, but also on its capacity for caloric, or specific heat, and 
its density. M. Cauchy has given a formula, by which the 
temperature attained at a given depth, in a given time, may be 
calculated. Table 87 gives the results by this formula as cal- 
culated by M. Peclet. 

We may suppose the material to be a mass of infinite area 
and thickness, having thermometers imbedded in it at the given 
depths ; the outer surface being suddenly heated to 1000°, the 
heat penetrates in one minute to the extent shown by the 
Table. 

Table 87.— Of the Diffusion of Heat by Conduction, giving the 
Temperature attained in one Minute at different Depths in the mass 
of a body of infinite Size and Thickness, when the Surface is heated 
1000°. 



Nature of the Material. 



Sand 

Limestone, used in building 

Iron 

Marble, coarse-grained 

Plaster, common » 

Water, stagnant (heated at the top) 
Air , , , , 



Depth penetrated In inches. 



liny 



40 



Temperature at that depth. 



o 


o 


o 


988 


887 


154 


997 


973 


745 


999 


992 


924 


999 


993 


938 


996 


962 


624 


993 


939 


399 


999 


996 


960 



°000 
•100 



339 
439 



000 
000 



620 



In the ease of water and air, and indeed with liquids and 
gases in general, if heat be applied Anywhere but at the top, 
currents are created by which the heat is rapidly diflPiised 
uniformly throughout the mass. For comparison with solids, 
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we must therefore beat these fluidB at the top, in which case the 
particles first heated remain stagnant i^t the top and gradually 
transmit the heat downward from particle to particle by oon- 
dnction only, as in the case of solids. 

There is great uncertainty in applying these rules to air 
foid gases, becaiiise of the great dilatation which heat occasions in 
iQiose bodies ; bnt it will serve to give some idea of the rapidity 
with which heat is transmitted. The Table shows that air 
even when stagnant transmits heat more rapidly than any other 
body I this is confirmed by experience : in the church of St. Boch 
tibi0 heated air after rising to tiie lofty roof passes off by creTices 
1]^ th6 windows, &c., and it has been fonnd that the tempen^nre 
i^ the^ air at a height of 65 feet was never more than fnnn ^ to 
1§ degree higher tiban at 6 feet above the ground. • 

(811.) The Table seems to show that water carries heat down- 
wards much more rapidly than we have supposed. This oertamly 
Is not confirmed by experiment, which has led to the coneluskm 
jihat water is abnost fb perfect non-conductor downwards^ as in 
stated in (108). 



CHAPTER XV. 



ON VENTILATION, ETC. 

(312.) ^^ Air required for Bespiration, dtc/* — In the act of 
respiration air becomes vitiated, the oxygen being transformed 
into carbonic acid. An ordinary man makes twenty respirations 
per minute, each of 40 cubic inches ; therefore, admitting that 

air should not be respired a second time, we have — ..^^^ 

^ 1728 

= 28 cubic feet of air thus vitiated per hour. But besides this 

a quantity of vapour is emitted, amounting, according to M. 

Dumas, to '0836 lb. of water per hour, which would saturate 

. -0836 
(by col. 9 of Table 58) .^^^^^^ = 7 -libs, of air at 62% and if 

we allow that to be healthful and pleasant, the air should be 

14-2 
half-saturated only, we require 14 2 lbs., or Tq^qI =187 cubic 

feet of air (col. 3, Table 19) ; so that we have a total of 28 -+■ 
187 = 215 cubic feet per hour, which happens to be the capacity 
of a cube 6x6x6 feet. This is the TniuimnTn quantity neces- 
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sary for cleanly and healthy persons* For prisons, workhouses, 
&c., it should not be less than 350, and for hospitals 1000 cubic 
feet per hour per head. 

(313.) It is also necessary to provide air to support the com- 
bustion of the lighting apparatus ; a common candle requires 
about 11 cubic feet per hour, and an Argand lamp of large size 
about 45 cubic feet, assuming that one-third of the oxygen in 
the air is consumed^ 

(314.) ^^ Heat evolved hy Bespiration," — Another result of 
respiration is the emission of heat ; for as we have seen in (23), 
combustion, by which heat is developed in our furnaces, consists 
in the combination of bodies (and mainly of carbon) with oxy- 
gen, so that respiration is a veritable act of combustion, and an 
amount of heat is evolved proportional to the carbon consumed. 
According to M. Dumas, the quantity of carbon given out by 
an ordinary man is •0221b. per hour, and by (24) the heat 
developed will be 12906 x * 022 = 284 units per hour. A con- 
siderable part of this heat is absorbed by the vapour formed 
during respiration, and becomes latent, the amount from 62° 
being '0836 x (1178 -- 62) = 93 units, and the rest, or 284 - 
93 = 191 units, is dissipated by radiation to the surrounding 
objects and by contact of cold air. This amount of heat is 
sufficient to heat the air required for ventilation in most cases ; 
if we assume the external air at 32^ and the internal at 
62°, or 30° difference, the heat emitted by one person, de- 
ducting the 93 units absorbed by the vapour, would suffice 

191 
for QQ w .oQQ y. -0761 ~ ^^^ cubic feet of air. We should 

require, however, another amount of heat to maintain the room 
at the required temperature, and for this, artificial heat would be 
necessary in most cases. 

(315.) " Ventilation.'* — ^We have now to consider the means 
by which the continuous renewal of the air in a room or build- 
ing is to be effected. Let Fig. 93 be a room filled with heated 
air, and let the walls have the same temperature as the air; the 
temperature will not be the same throughout, but will vary 
slightly with the height, the top of the room being the hottest. 
If the walls are exposed to cooling influences, and become 
colder than the internal air, a down-current is established 
against the face of the wall, as shown by the arrows. Fig. 87, 
because the air in contact with the wall being cooled by it, 
becomes heavier than the air in the. centre of the room, th^. 

N 2. 
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finner tteTefore AeeceaSa, uul the latter ascencle, as Bhawn by 
4be utowb; and by the nmc measB borizonttd currents are 
eetsblisbed along the floor and ceiling, as ehown by tLe figure. 
' (SIG.) If openings be made is the floor and ceiling, as at A 
■nd B, Fig. 88, tbe column A B would immedtatuly oeccjid, 
beiw lighter tban the ooltmm of cold external air with tbe same 
bej^t^ knd the yeloci^ of the motion con be oa^Iy calculated. 
Say the room ia 10 feet high, n-ith internal aii at 62° and ei- 
temal air at 32°^ We find-by Table 19 tiat a column of air 

lOflset high at 62° is equal to a columuat 32°^-:qqT ^ ^'^^ 
fiset hi^ we have therefore 10 - 9'4.24 ^ -576 foot head to 
prodnoe motion, and as we haro tvro openings to deal with, 
we may sappoee.it to be divided between them, each taking 
■676 ,—— 

-g- '288 foot head, and as in the case {UB) we have V -288 

X8 = 4;8 fbet per second, orwith-93forco-efSeient (148)4 '3 
X '93 = 1 fM per Beeond, and from this the area necessary 
cui be easily calcnlated. 

■ (317.) Bnt it is obriona, that although a given amonnt of 
tb might thns be cnused to pus through a room, wo should not 
have efficient ventilaticin, the portiona of the room indicated by 
C and D would not be Tentilated at all. If, as in Fig. 89, the 
openings were made at opposite ends of the room, the ventilation 
would not be m^ieh improved, the central part C receiving no 
benefit from the current of fresh air passing through the room. 
(318.) I^ as in Fig. 90, wo admit the fresh air by very nnme- 
rouB holesi equally distributed all over the floor, and allow it 
to escape by similar holes in the roof, we then have perfect ven- 
tilation ; but the plan is very difBcult to carry out Thus in 
Fig. 91 we have holes in the floor J and ceiling E, aa in 
Fig. 90; bnt admitting the air by one large opening. A, and 
allowing it to depart by a similar opening at B, which is nsnidly 
a practical necessity, the air takes the shortest conrBe, and the 
holes in the direct line get the most of it, and it is exceedingly 
difficult to obtain uniformity in the ventilation. 

(319,) There is another and a practical difBcnlty in this 
mode of ventilation. It is essential that the uumcroua inlet- 
openings should be of large area, otherwise the velocity of the 
air would be so great as to be a nuisance, especially for summer 
ventilation, when cold air is admitted ; but if the velocity be 
'.very low, it is apt to be greatly disturbed, and the current even 
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reversed by light winds in certain directions, so that it is essen- 
tial that the velocity through the inlet and outlet openings should 
be considerable. 

(320.) In Fig. 92 we have a room ventilated on a totally 
different principle. The heated air enters by one large opening 
at A, and mounts directly to the ceiling. The cooled air is 
drawn off by an opening, B, leading to an air-chimney, C, in 
which the air is maintained at all seasons at a high temperature, 
thus causing a rapid current, too strong to be seriously affected 
by winds. The heated air entering the room rises in a body to 
the roof, and is distributed in horizontal strata, having the 
same temperature at the same level all over the room, as in 
Fig. 93. This is a natural circumstance where there are no 
disturbing causes, and an important one for our purpose. Let 
Fig. 94 be a room like Fig. 93, but say that by some accidental 
cause the air at one end of the room is more heated than at th^ 
other, the beds of air will in this case be at an angle with the 
horizon, as per Figure. It will be seen that the mean tempera- 
ture of the air at cue end of the room is 10° higher than at the 
other, it will therefore weigh less, and motion will ensue in 
the direction of the arrows until uniform horizontal tem- 
peratures are obtained, as in Fig. 93. By the action of the 
ventilating-shaft, the air is regularly drawn down, and the num- 
ber and position of the exit-orifices (on the plan) has no influence 
on the ventilation. But if, as in summer, the air admitted at 
A is cooler than that in the room, this arrangement of the 
openings would be the worst possible; for, as in Fig. 96, 
the cold air would remain at the bottom, passing away along the 
floor to the opening B without ventilating the room at all. We 
require in this case an opening at the top of the room, or at 
least above the heads of the people, as at D. The cold air 
admitted at B will then spread horizontally all over the floor, 
and ascending regularly by the action of the chimney and by the 
heat imparted to it will depart vitiated by the opening D. If 
instead of admitting the cold air at A, we let it in by an opening 
in the ceiling at E, the cold air would fall direct to the floor 
because of its superior weight, and would then be distributed 
and rise uniformly to the opening D as before ; but the descent 
of the cold air would be felt as a draught by those in and near 
its course. 

(321.) " Summer and Winter Ventilation" — It will be seen from 
this, that the arrangement of the orifices of access and exit of air 
must bo varied with the seasons. In winter, when the air enter- 
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istg is previonaly he&ted, ajid is of higher temperature than the 
room, it nuy enter by one or more openings in koj port of 
the room, and ahonld be drann off by one or more openinga 
neu the- erotmd into the air-chimney. In Bummer &a codt 
co^emal air should be admitted by openings in the floor, and 
tihonld pass into the chimney by opeainga near the top of 
the room, or at least above the heads of the inmates. For both 
oases we have eappoBed a good air-ohimney to be nsed, and 
an ttciiTe drai^t to be muntained, annuner and winter, whem 
Ventilatioii is required. 

(322.; With natural ventUatum, as it is termed, as per !E^gB. 
88-91, QD change is neoeeaary with the seasonB. In all cases 
the air shonld enter by nnmerons openings in the floor, and 
depart by Bimilar openinga in the ceOing. No chimney is ne- 
cessary, but the exit-opening shonld be proyided with o, hood 
to prevent the action of the wind distnrbmg the draught. This 
mode appems by &r the cheapest and simplest ; but practically 
' it is very nncertain and frequently very ineficctive. It is 
idinoBt the only plan naed in onr churohes and chapels, and by 
nniversal ^lerienoe is &r &om satiafiictoiy, especially in smn- 
mer, although sinmlemented by opening windows and other 
iagiilj olgectionalue means. It is deeply to be regretted that 
the acknowledged difficalties of accomplishing effective ventila- 
tion have led to the whole qaestion being virtually abandoned 
by architects and others designing onr public and private 
buildings. 



Table 88.— Of the PBOPOBTioNa of VBurmATnio Pahb. 


Wmfler 


ass otEjill opeDiDg In f«L 


Revoln. 


CDhfcrm 


No. of 
P»ple. 


ApproiU 






"M°iir 


ofALrper 


^L 


taiiut. 










WMUl 


Lei^lh. 


a™. 










3 


1-5 


1-B 


2-7 


83 


810 


216 


6-5 


4 


2-0 


2 




4-8 


62 


1440 


384 


11-5 


s 


2-5 


3 





7-5 


50 


2250 


600 


IS 


6 


30 


3 


6 


10-8 


42 


3240 


864 


26 


7 


3-5 


4 


2 


14-7 


36 


4410 


1176 


33 


8 


10 


4 




19-2 


31 


5760 


1536 


46 


9 


4-5 


5 


4 


24-3 


28 


7290 


1944 


58 


10 


S-0 


60 


30-0 


25 


9000 


2400 


72 



(323.) "Meckanicfd Veniilaliott." — Ventilation may also be 
very efliectively, and in many cases cheaply accomplished by 
a &a worked by maniuLl or engine power. In large establish- 
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ments where an engine is used for other purposes, a large fan, 
driven at a low speed, may be used ; in other cases a fan worked 
by a man will answer the purpose. The great objection to this 
mode is, that of necessity the ventilation continues only so long 
as the machine is in motion ; and for such cases as hospitals, &c., 
where ventilation is required without any intermission night 
and day, this plan is hardly admissible (363). The use of an 
air-chimney is in such cases much preferable. The fire can be 
be arranged to bum for some hours ; and the mass of brickwork 
in the chimney having been well heated during the day, retains 
so much heat as to keep up the ventilation pretty well until the 
morning, when the fire is relighted (366.) 

(324.) There are two kinds of fan which may be used for 
ventilating purposes, one compressing and the other exhausting 
or rarefying the air operated on. The former is preferable in 
most cases; the latter having the objection that it causes 
draughts of cold air to enter by all crevices in the floors, win- 
dows, and open doors, &c. It is evident from (321) that a 
compressing-fan should deliver the air at the floor-line, the ori- 
fices of disdiarge being also near the floor-line in winter, and 
near the ceiling in summer. 

(325.) The application of the rules and principles we have 
arrived at in the preceding investigation will be best understood 
by examples. We will take three cases : the first being a school, 
in which the air is heated and also foixed into the room by 
stoves ; the second, a chapel, heated by ordinary hot- water pipes 
and ventilated by a compressing-fan, driven by a weight wound 
up by manual labour during the preceding week ; and the third, 
a hospital, heated by hot-air pipes and ventilated by a draught- 
chimney with a fire maintained in it at all seasons. 

(326.) ''Schools, <fcc."— Figs. 96-98 show a school for 100 
boys, on the plan proposed by Peclet, heated and ventilated by 
a stove ; this is constructed with a double case, the inner one 
containing the fire and the smoke, &c., which passes by a long 
pipe to a chimney, N, at the end of the room ; the air to be 
heated passes between the two cases, being drawn from the 
room itself when the fires are first lighted by closing the 
damper B and opening the door at A ; but when ventilation is 
required during school hours, the damper B is opened wide, and 
A is closed, the air being drawn through a grating at C by the 
channel D from the exterior. The air between the cases being 
highly heated, we have a column the height of the stove dilated 
to say ^rd the volume of the air in the room, and a powerful 



m 

(Mrxnt I* «B« t 8d, hj wliuili vr is forced into tlie room, passing 
ont b^ opaningB at &e tt^ of tho caso. The air in Ike room is 
finibar Itntsd ij the flne^peg, and in both cases it will rise to 
Uw Dpiliug 1^ reMon of ite levity, and would pass awaj if 
openiags wese made at the top of the room, and its heat wonld 
m wasted; bat openings £oi ventilatioa are made about 18 
inobee ex 3 feet from the groand at E F, which can be opened 
•ad oloBsd at pleuiLre, The air is therefore distributed all 
over the room m borizimtal layers, having the Bome tempora- 
tme Anmf^iont (S20), and is regularly drawn down, becoming 
teeler as it deaeends by giving out its heat to the walls. The 
walls are also farther heated by radiation from the stove and pipes, 

(8il7.) For simunw Tentilation when of conrae no fire is 
■sued i& the storre, a small special fire is maintained at the 
baas of the chimney N by a furnace H, the openings E aud F 
We elofletl tot reascms giren in (320), and a large register open- 
ii^ Q, is c^tmed by the oorda J J, this opening may be us near 
tile top of ue TOom as oonTeDient ; it must be above the heads 
of the inmatea, as we have Been in (320). 

The iHily objeetioa to plaeiijg it quite at the top of the room, 
is that the eSbotive height of tho chiumoy and the power of 
the drao^t are reduced thereby, the effective height in fact is 
the distance O L, which of course is ledoced by placing O at a 
higher leTeL 

(328). In the cold season, the fire mnst be lighted an hour 
or two before school honrB, in order to warm the walls and air 
in the room, which indeed is the principal object of the heating 
apparatus ; for, as we have seen (314), each in^vidual emits beat 
enongh to warm the heat required tor ventilation, and the fire 
may die oat an hour or so before the time of dismission, the 
walls, &c., containing a volume of heat that is not quickly dissi- 
pated. When first lighted, aU the exit openings, E F G, as also 
the fumoee door at H and its register K, are closed, the stove 
heating the air in the room only, and thia enters by the door 
A, the damper B being closed. When the pnpils have assembled, 
B E and F are opened, and A is closed, <^., &c. The fire is 
regulated by a damper at M. 

(329.) In summer the fire need not be lighted in H before 
the hour of assembling, K is opened only sufficiently to main- 
tain the fire in a &ir state of combustion, A £ and F are closed, 
and B and G opened. 

(3S0.) We may calculate the proportion of the entire apparatus 
\^ the rules ah^idy given. 
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" Heat dissipated hy the Walls, dtc^ — Tlie building exposes an 

area of 210 square feet in windows, and 1340 square feet of 14- 

incli walls ; assuming for the air, an internal temperature of 60° 

and external 30°, tlie loss by tbe windows will be 12 • 3 units per 

square foot (294\ and in our case 12 3 x 210 = 2583 units per 

hour, and the waUs (Table 78) wiU lose 1340 x * 159 x 30° = 

6400 units, giving a total of 8983 units per hour lost by the 

building after it has been heated to the standard temperature. 

But a great amount of heat must be absorbed by the walls 

before they can be brought up to that standard ; by (282) and 

Fig. 80, we see that with 14-inch walls, and air at 60° and 30°, 

... 48°-02 + 34°-2 ,,„ ,, 
the vnean temperature of the wall is ^ =41 '11, 

or say 41° ; they have therefore to be heated in the morning 

from 30° to 41°, or 11°, and as they contain about 1570 cubic 

feet, weighing by Table 46, = 115 lbs. per cubic foot, and the 

specific heat of brickwork (burnt clay) being '185 by Table 1, 

they will require 1570 x 11 X '185 = 367420 units of heat to 

raise their temperature from 30° to 41°. In our case they will 

receive it from two sources, from the heated air in the room and 

by direct radiation from the stove and stove-pipe. The amount 

that can be received by contact of air is at first, when the walls 

are cold, or at 30°, by (272) and Table 74 = -435 x 30= 13-05 

units per square foot ; but at the end of the operation, when the 

walls are heated to their standard internal temperature of 48°,. 

we have only '435 x (60 — 48) = 5*22 units; the mean is 

13-05 + 5 22 ^ ,, . 

2 = 9 * 14 units per square foot per hour. 

(331.) " Time required to heat the Walls" — ^At low tempera- 
tures, heated bodies give out their heat by radiation and contact 
in nearly equal proportions, even so high as 210°, the Table in 
(302) shows that a 3-inch pipe loses 157 '5 units by radiation, 
and 145 - 5 by contact of air. But at high temperatures the 
ratio is very different, as is shown by (246), where a 3-inch stove- 
pipe at 800° loses •7x7 = 4*9 units per degree by radiation, 
and -6256 x 2-2 = 138 unit only by contact of air. While 
the walls are receiving a variable quantity of heat by contact, 
the heat received by radiation will be nearly coTistiint, because 
the slight variation in the temperature of the walls has but 
little efiect with the great difierence that exists at high tempe- 
ratures ; thus, at first the difference is 800° — 30 = 770°, and at 
last 800° - 48° = 752°, so t^at it is practically constant. 
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Admitting the ratio to fae as we fuusd it above, 4-9 to 1 - ^ 

have JTgo = ^ unitfl by radiatioD, which ie conBtant, 

uid added to fhe mean raoeived by contact, makes 64 + 9-14 = 
73 ■ 14 onita per Bqunre foot, and the walls will receive 73 ■ 14 x 
1340 — 97307 nnits per boor. l!ut while this ie going on, hent 
is being dissipated hj the external surface of tiie walls and 
the windows ; this is at fiist, the walls, &c., having the same 
temperature as the ezt^Tud air, but when the standard tempora- 
tnre is attained, it becomes, as we huve aeen, 8D83 tanita per hour, 

S983 ^ 
the mean is g- — = 4499 tmits, and hence the amount re- 
tained b; the vails is 97807 - 4492 = 92H15 units per hour, 
and to bring them vp to the standard temperature, we shall 

. 3G7430 ,, , 

leqnne - hooVK ' = ^ bonis nearly. 

The MiLmmum qnantitj of heat received by the walla is 64 -|- 
13 = 77 nnita per sqnare foot, or 77 x 1340 = 103180 units 
per hour. A ponnd of ooals contains about 12000 nnitB (90 p, 
bnt of this, abont 3646 units arc loet by the chimney, see (243 J, 
and the useful eHeet is ledooed to 12000 - 3546 = 8454 units : 

103180 
we shall therefore requite oak± ' = ^^ ^^- oi coals per honr. 

"With sheet-iron flue-pipes (243) we require 4'4 sqiiare feet 
of surface per lb. of coals, in our case 4-4 x 12 = S3 square 
feet The flue-pipe in Fig. 96 is 42 feet long, and with 5 inches 

diameter the area will be t^ X 4:2 = 55 square feet 

(332.) " Time to cod down thi'. BitHding." — The time required 
to cool the buUding down to the external temperature is mnch 
greater than that required to heat it The loss at first is 8983 
nnits, gradually reducing to 0, the mean being 4492 unite per 

hour, and the building will cool down in ... = 82 honrs. 
In most cases about sixteen hours only elapBc before the fire is 
relighted, so that what really happens is that the walls retain a 
large portion of their heat continually, and require lees time to 
raise them to the standard temperature. 

(333.) To maintain the heat and ventilation when once the 
st^dard was attained, would require very little heat. Allowing 
220 cubic feet of air per head, or 220 X -076 = 1672 lbs., we 
should require for 30° increase, 16 72 x 100 X 30 x "238 = 
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11938 units per hour, wliicli added to that dissipated by the 
building, makes a total of 11938 + 8983 = 20921 units per 
hour. But we have seen by (314) that each individual emits 
191 units, and in our case we have 191 x 100 = 19100 units of 
heat from them, or nearly the amount required for ventilation 
and for the walls and windows : this agrees with our experience 
that in a crowded room, artificial heat is not necessary, except 
to warm the walls, &c., beforehand, and in most cases, the 
proportions of the heating apparatus must be fixed with special 
reference to the preliminary heating of the building, which w© 
have done in this case. 

(334.) It is important to remark, that the time required to 
heat the building is much less with stoves, &c., whose tempera- 
ture is very high, than with steam or hot-water pipes whose 
temperature is low, and there is a special reason for this. The 
walls cannot absorb more than 13 ' 05 units per square foot from 
the air with the temperature we have assimied, whatever may be 
the power of the apparatus, the temperature of the internal air 
being limited to 60°; with ordinary steam-pipes, as we have 
seen by (302) and (331), the heat emitted by radiation is about 
equal to that emitted by contact, and the total is 26 units. This 
is the maximum when the walls are cold ; at ike end of the 
operation it is 5 * 22 units by contact of air (330), and say 5 * 22 
more by radiation, or 10 • 44 units from both sources, the mean 

26 + 10-44 
is therefore s = 18*22 units, and the walls will re- 
ceive 18*22 X 1340 = 24415 units per hour. The walls and 
windows will dissipate 4492 units per hour on external objects 
as before, hence the walls retain 24415 — 4492 = 19923 units, 
and the time to attain the standard temperature would be 

367420 
■iqqoo = 18 hours with steam-pipes or hot-water pipes at the 

ordinary temperature of 210°, whereas with a stove, the time 
can be reduced to four hours, as we have shown (331). 

(336.) " Area of Inlet and Outlet Openings, dc" — The area of 
the openings must be calculated for summer rather than for 
winter ventilation, because the heat required to produce the 
former has to be obtained by a special fire maintained for no 
other purpose ; the less the air can be heated, the less costly 
is the operation, but with low temperatures large apertures are 
necessary. 

Let us assume in our case' that the air in the chimney N is 
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hettted 50° KboTS tho temperature of tlio room and external air, 
which may both haT* « summer temperature of Bay 70^, the 
air in the ohimuc^ will therefore be at 120°, nnd the effrciire 
height G L being about 12 feet, this will be equal by Table 19 

12 X 1-082 
to — r~TgZ — " 10*97 feet of exterior air, and giving 12 

— 10 '97=: 1*03 feet fi>r generating TOlocity (145). Aa this has 
to be given at two phuwe (inlet and outlet^), we must diyide the 

mdlable head into two equal poitioca, allowing —n— = '515 

foot foi each, and the theoretical veloeity will bo v''S15 x 8 = 
6'74 feet per seoond, but with an orifice in a thin plute we have 
ieen (148) that the real discharge ia -liS of the theoretical, 
Mtd we have 6*74 x '66 = 3-73 feet per second, and as we have 
WO X 100 
- — oBftji — = 6*11 oabia feet of air per second, the openings for 

tunmer ventilation moat have an area of ^7=^ = 1 ' 64 square 
foot. The cironlar inlet tunnel D must therefore be 18 inches 
dikmetec, and tiie re^st^ G, which exposes rather less than half 
iti total area as avulable openings (say -4), must have a total 

area of —^ = 4 ■ 1 square feet, or say 2 feet 3 inches diameter. 

(336.) The quantity of fuel required in the Aimaee at H ctwi 
be easily calculated, it being the amonnt neceaeary to heat 
16-72 X 100 = 1672 lbs. of air 50°, or 1672 x 60 x -238 = 
19,697 units, and if we allow that in such a case only half the 
total heat in coals is available, the rest being dissipated by radi- 

19,697 
ation, &C., we shall require ^.^^y. = 3 ■ 28 lbs. of coal per hour. 

In order to obtain sufficient inlet area at the stove for smmner 
ventilation, the damper U should be closed and the door A aa 
well aa the fiimaee door may be thrown open or removed for 
the season. It will be seen from this, that we require about Jr 
as much fuel to effect the summer ventilation aa to heat and 
ventilate the room in winter. 

These particulars of apparatus, applicable to a school for 100 
boys, may be easily applied by proportion for fixing the siz^ 
&e., in otiier cases. 

(337.) " CluipeU, lEc."— The case of a church or chapel, used 
only one day per week is peculiar ; the whole building e^ioBed 
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for six days to cooling influences, will have taken pretty nearly 
the temperature of the atmosphere, and will require a large 
amount of heat to bring its wallSf &c., up to the standard tem- 
perature desired. The case of a church of large dimensions is 
investigated in the next chapter, see (366, &c.) ; we will now 
consider that of a chapel to hold 400 persons, having the sizes 
and form shown by Figs. 103 to 108. 

^^ Heating Apparatus,'* — The heating apparatus has to do two 
things : it has first to heat the walls of the building before it 
has to be occupied; and it has to heat the air entering the 
building to supply 400 people during the hours of public 
worship. It is necessary to determine which of these two is 
the greater, and to fix the size of the apparatus for that amount. 
Assuming that the external air is 30^ and the internal 60^, the 
conditions of the building are similar to those in Fig. 80, the 
building being exposed on all sides to cooling influences. 

Allowing 220 cubic feet of air per head per hour as in (312), 
we shall have 220 x 400 = 88,000 cubic feet, or 88,000 x ' 0761 
= 6697 lbs. of air per hour, to heat which from 30° to 60° will 
require 6697 x 30 x '238 = 47816 units of heat. 

(338.) The walls being 30° at first and the internal air 60° 
taking the value of A from Table 74 at '4133, will absorb 
•4133 X 30 = 12*4 units per square foot. The area of the 
walls is about 3268 feet inside and 3368 feet outside (deducting 
the windows and doors), taking the mean, which is near enough 
for our purpose, we have 3313 square feet, which will absorb 
3313 X 12 '4 = 41081 units per hour. Then the windows, say 
20 in number, each 6x4 = 480 square feet, by (294) will lose 
12*3 units per square foot, or 480 x 12*3 = 5904 units per 
hour, making together 41081 + 6904 = 46986 units, or very 
nearly the same as for the air to keep up ventilation, which we 
found to be 47816 units. 

(339.) By Table 66 an enclosed pipe 3 inches diameter, heated 

to 200° with air at 60°, gives 184 units per foot run, but with air 

184 X (200-30°) 
at 30°, as in our case, this will be increased to oaq _ arp — 

= 223 units per foot, and taking the maximum quantity or that 

4-781 fi 
required by the air, we shall require ooq =214 feet of 3-inch 

pipe, which may be arranged in two lines as in Fig. 104. These 
pipes are carried by rollers, like Fig. 63, which are supported 
on cross-beams, H, Fig. 107, built into the brick side-w«Jls of 
the channels in which the pipes are enclosed. 
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- The hoilet may bo of the oommon horse-Bhoe form, anS 
ekmld !» placed below the level of tho chaiicl floor ao ae to 
obtain a simple circnlation (268); ivhora this is quite imprac- 
ticable it is fWMiUe to work a ooil of pipes by a boiler placed. 
hbore it, u in (266) ; in that ouo tho feed-cistern mn&t be 
placed in the roof at A, or perhaps at B in Fig. 106 ; bat this 
plan should never be adopted if it can possibly bo avoided. For 

the maximum of 47816 muta we ahould reqniro about .,.q.. = 

12 lbs. of coal per hoar, and a squnre foot of fire-grate (120). 
With a very short and small boiler, siicb as is commonly oeed 
for such pnrposes, we should not obtain usefully mnch more 
fhan the rad^t heat (88) in the fbc-1, and much of that will bo 
lost, BO that we have taken in the , above the low economic value 
of 1000 units per pound of coaL 

(840.) Time regmred io heat (he Apparaim ilsdf. c£c."— Tho 
water-pipeB, boiler, &Xi^ will never be cooled down to 30°, the 
external teiapeiataTe. We have seen in (22), that at a depth 
of about 20 feet we come to a stratum havmg constantly the 
mean temperature of the year at that placo, and when the earth 
is covered by a building and protected from the cooling action 
of the atmosphere, the ground will have a temperature varying 
very little from the same temperature (270). By Table 26 
the mean temperature of the year at London is 50°' 7, and we 
may take the minimum temperature of the pipes, &c., at 60°. 
The boiler and pipes contain about 3700 lbs. of caat-iron and 
1100 lbs. of water ; to raise the water 160°, or from 50° to 210°, 
will require 1100 x ICO = 17C000 units. Cast-iron having by 
Table 1 a specific heat of 13, we shall require 3700 x 160 x 
- 13 = 76960 units for the bo^er and pipes. But while heat is 
being received from the fuel, a considerable amount will be 
given out to the air ; at first this will be and at last 47816 

nnit^ the mean is therefore ^ 23908 units per hour; 

while 47816 units are received, 23908 units are parted with, 
and 23908 units are retained, and to raise the whole appa- 
ratus to its maximum temperature of 210° we shall require 

— „„ „u = lO'S hours; but during that time it will 

give out to the air and the walls, &c., half its mflTimnin amount 
of heat. This time might be reduced probably to nearly one- 
hy.lf by forcing the fire. 
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(341.) " Time required for heaiing the Walla, dc,** — By Fig. 80 
it will be seen, that when the standard temperature is at- 
tained, the internal surface of the wall will be 48° and the 
external surface at 34° ; the mean temperature of the wall will 

48 4- 34 
therefore be k = 41°, or 11° higher than the external air. 

The building contains about 451000 lbs. of brickwork, the 

specific heat of which being by Table 1 '185, we shall require 

451000 X 11 X -185 = 917780 units to bring them to the 

standard temperature. "When that temperature is attained, the 

difference between the air and the walls will be 60—48 = 12°, 

and the walls will receive '4133 x 12 = 4*96 units per square 

foot per hour, and the same amount will be dissipated by the 

external surface. But at first the walls will receive, as we have 

seen (338), 12*4 units and the external surface will dissipate 0. 

12*4 + 4*96 
The mean heat received is therefore ' n = 8* 68 units, 

.4*96 + 
and the mean heat dissipated is q = 2*5 units, so that 

8*68 - 2*5 = 6*18 units is retained by the wall, or 3313 x 

6*18 = 20474 units per hour by the whole surface of the 

walls, and to obtain the standard temperature we shall require 

917780 

= 44-8 hours, the heating apparatus giving its full maxi- 

mimi effect all the time. During the time that the apparatus 

itself is being heated, we found that it gave out to the building 

only half its maximum effect, so that the 10 * 6 hours at haK 

power is equivalent nearly to 53 hours of full power, and 5*3 

hours goes for nothing, and the time required from lighting the 

fire is 44-8 + 5*3 = 50-1 hours. 

(342.) " Time required to cool the Walls, dc, to the External 

Temperature"— Vf hen the fire is put out, the building will 

gradually cool down to the temperature of the external air. At 

first it will lose 4*96 units per square foot per hour, and at 

4«96 + 
last 0, the mean loss is g =2*5 imits, and for the 

whole surface of walls 3313^ x 2*5 = 8282 imits per hour. To 

this has to be added the heat lost by the windows, which at 

12*3 + 
first is 12*3 units, and at last 0, the mean being ^ = 

6 * 2 units per foot, or 480 x 6 • 2 = 2976 units per hour. We 
found by (340) that the water in the apparatus required 176000 
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vnita, snd iha irtm In t&e pipea, ^t 76K0 saitB tti.liMit i^ tad 
these viH of ooorae giva out theaMnaimorott JBCOoliligAgini. 
The wall! will giTe ont 917760 nidta M in (ail), m Vba* A* 
^ . , , .. 176000 + 76960 + 917780 ,„. , 
tune to cool down » — ■ 8362 + 26^6 " ?** *'°'^ 

(348.)" Heoi remfred fo ieep «)) f/ie Temperature of the Build- 
iii^."— When the bniUi]^ is once raised to its standard tempe- 
ntnte, » much BnuUer unoimt of heat per hour will suffice to 
maiiilaiii it. The waUa receive, tntnsmil:, and dissipate on 
external ol:>iecta 4*96 nnits per foot, as wg have soen (341), 
and the total low br the walla la 3313 x 4'!)6 = 16432 units 
pa^honr. The windowB lose 480 X 13-3 = 6904 units, making 



S 16433 + 6904 = 22336, requiring 



40U0 ' 



5*6 Ihe. of cosl inatead of 12 Ihe., the amount used in getting 
up the tempetatore. During the hours of worship, a large 
amount of neat is carried t^ b; the air required by the con- 
gr^tion, which is farced throngh the building hj a fan and 
paesee awa^ highly heated into the atmosphere, hut thiB loss of 
neat is more than Supplied by the animal heat emitted, which 
being by (314) 191 nnita per head, we shall have irom this 
Booree 191 x 400 = 76400 units, or nearly 3i times the amount 
required to keep up the temperature of the wallB, &c., and 
76400 , . . . . . , . 

ri-g,g = 1-6 bmes the maiuuum power of the heating apparotns. 

(344.) The whole week of 168 hours may be divided into 
three portions : GO hours being spent in gettmg up ttte tempe- 
rature, 14 hours in maintaining it during public wonihip, and 104 
hours in cooling down again. The weekly consumption of coals 
would be (50 x 12) -f (14 x 6 ' 6) - 678 lbs. or 6 ewt. ; if the 
temperature were maintained throughout the week by con- 
tinuous slow firing, the consuinption would be 168 x 5'6 = 
940 llw. or 8-4 cwt. With regular and slow firing the economy 
of fuel would be considerable, and the actual consumption would 
probably be not more than 7^ cwt., or IJ cwt. more than by 
intermittent firiug ; the chapel would always be ready for week- 
night and occaBional serrices, and the conveniences of this mode 
of heating are so great that it-should become general. 

(345.) "FentiZo/ ion."— Allowing 220 cubic feet of air per head 
T. • ■ 220x400 „„ ^. , 
per hour, we require in our case ■ — -qq = 1467 cubic feet, or 
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1467 X • 0761 = 112 lbs. of air per minute ; and this quantity has 
in our case to be supplied by a fan, the construction and details of 
which are given by Figs. 63 to 66. This fan is driven by a weight, 
which may be wound up by manual power during the week, 
being worked only during the four hours of worship, &c. The 
power which such a fan will take depends greatly on the velo- 
city of the current of air issuing from it : yi fact the power is 
directly as the square of the velocity, omitting the considera- 
tion of friction of the machine. There is a practical limit, 
however, to the extent to which the power may be reduced by 
reducing the speed ; for at very low velocities, the current is 
apt to be retarded, and even overpowered and reversed, by the 
wind when in certain directions. Allowing 5 feet per second 
as a good velocity, and admitting as in (362) that the real 

velocity is • 423 of the theoretical, we have the latter tJoo = 
11 '8 feet per second, and the head due thereto by the laws of 

— ^ — ) = 2 • 17 feet, and the mechanical work 

to be done is to raise 112 lbs. of air 2*17 feet per minute, or 
112 X 2*17 = 243 foot-pounds, and for four hours the duration 
of the services — this is equal to 243 x 4 x 60 = 58320 foot- 
pounds, and if the weight could be raised 30 feet, we should 

require — sTp- = 1944 lbs., or say 18 cwt. in round numbers. 

An ordinary man can easily raise 3000 foot-pounds per minute 

1944 X 30 
by a winch : he could therefore raise the weight in — oooo — 

= 19 minutes or rather more, and of course this could be done 
at any time during the week. With large fans, the weight 
becomes very great, and the labour excessive. 

(346.) Figs. 63 to 66 give all the necessary details of the fan 
and the gearing for worlmig it. One of the principal things to 
be attended to is to make all the parts very ligM, and another is 
to avoid enlargements of the area in the air-passages, by which 
velocity is lost after having been got up elsewhere. The air- 
passages should either have the same area throughout or, what 
is perhaps better still, a diminishing area, so that the velocity is 
gradually got up from point to point, but never suffered to fall 
again by an enlargement of channel : see (161). In Fig. r>3, A 
is the fan, 5 feet diameter, having six blades of light sheet zinc 

o 



or iroiit'iAiDh 'ue'onmdtd » ndiita of ^ths of the diameter, oi 
in oar eue ^3^ inelua, tibe desoribilig circle or contre being ^rd 
of the diameter, or 20 indtei^'U in &e Figura ; we thus olitAin 
•ir-pungeB of 7 inohw at the imallest part between blade and 
Uttae,in(n«Ming totheoinnini&nnoo. The bl&dee are supported 
I7 two sett (rf light deal anna, fixed to light caet^irou centre- 
bosBes, hejei on the wronghtrizan Bhaft. The coutre opcninge 
ue half the diamrter of. the £ui, or 30 inches, and the distance 
between the. side cheeka is the suhe dimenmoa. The area of 
the two oentntl 80-inoh openinga is 9 ' 8 feet ; the area of the 
pasaageB between the fim-blaaeRvat the narrowest part is 
7 V 30 y 6 

144 8-76 ftet; and flieouUet-oponing is 3x2-5 =7-5 

aqnue fiset: the reloai^ is thna gradiiaUj got np. The cbbo 
nwT be niade of li^t deal <» an; other convenieiit material. 
l^ble 88 gives the gennal proportions for various sizes. 
" The Rfiftring shonM be very light in pitch, and truly fitted in 
the tee&. The pinion B is made to slide on a feather let into 
the fitn-ehafl, so as to draw endwiab out of gear with its wheel 
when ' the , weight is being wound up, whic^h is done by a 
handle, C, on vte seamd-motion shaft. This handle should he 
removed after the weight is wonnd up ; and the machine is 
stopped till required by the break D, which is hept in nonfatct 
with the unturned wheel F by the weight G. To start the 
nmcliiiie, the break-lever is raised by its handle H, and is kept 
np by the spring holder J, The lever D is fitted with a block 
of hard wood, curved to fit the wheel F. The frames are 
secured to the floor by bolts in their feet, and to one another by 
a cross-stay at K. The barrel carries a light wire or hempen 
rope, which is led under a large guide-pnlley, and thence over 
another at the top of the bmlding, so as to raise the weight 
in a channel provided for it in the wall, being guided and kept 
in position there by long vertical guides of iron or hard wood, 
(347.) Theeentreof effort of a fan is about ^ths of the extreme 
5x7 
diameter, or in our ease — 5 — = i-35 feet, the circumference 

of which being 4'35 x 3li = 13-7 feet, we shall require for 
11-8 feet per second, or 700 feet per minute, 1077= 50 revoln- 
tions per minute. With so slow a speed there would be no 
objectionable noise with well-fitted wheels ; the pitch should be 
fine and the requisite strength obtained by width on the fece. 
The strength and sizes of the wheels must vary with the weight 
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to be carried (see Table 88) ; the style of workmanship should 
be like that of a church clock, &c. 

(348.) ^^ Air-jpassagea, dc" — The air from the fan descends 
below the floor of the boiler-house, and branching right and 
left, enters the channels in which the hot-water pipes are fixed, 
A, B, C, Fig. 104, from which it is conveyed by branch chan- 
nels D, E, &c., into four other channels, G, H, J, K, which 
deliver the air by apertures under the seats in each pew, as at 
L, M N, O, &c. The arrangement of these openings is a matter 
of importance to avoid objectionable draughts. Figs. 101 and 
102 illustrate two modes of doing it, which may be varied to 
suit local circumstances, &c. The plan 102 is much the best. 

To supply air to the galleries, channels are taken from G and 
K, as at P, P, P, &c., and are continued by other channels, 
E, B, &c., in the walls, and thence into the pews by branches 
S, 8, S, &c. To prevent the accumulation of heated air under 
the galleries, short channels are made at intervals, as at T, T, T, 
&c., covered with ornamental open gratings. The heated air 
passes away out of the building by channels W,W, &c., which 
deliver into the roof, where it finally escapes by the cowl V. 
In winter the heated air escapes by openings at Y. The reason 
for placing it at so low a level is that the heat may be retained 
as long as possible, for the purpose of heating the building. In 
summer the air may escape by openings near the ceiling at X. 
These openings, Y and X, must be closed by sliding registers, 
which should be connected together, so that when one is open 
the other is closed, &c. For summer ventilation the openings 
might be made through the ceiling at Z Z, which must be 
closed in winter. For the inlet of air to the fan a permanent 
provision should be made by a louvr6d window, U, having 
a free area of about 10 or 12 square feet, and well-fitted shutters 
should be provided to dose it completely while the walls are 
being heated (341.) 

(349.) The area of the channels should be proportional to 

the volume of air passing through them. With a velocity of 

5 feet per second, or 300 feet per minute, allowing 220 feet 

of air per head, each of the main air-channels as they leave the 

220 X 400 
fan should have an area of o"T7" 6q y qaq = 2 • 6 square feet. A 

section of these channels is given in Fig. 107. The pipes are 
carried by rollers on cross-timbers, H, built at intervals across 
the channel, and they should coincide with the branch-channels 




D, eo tibat the oostowdion oooim M 

obviate it and preeerrs the uaa, the bottom sbonld dip in a 
oorve, ae in Tig. 108. The hot-w^eo- pipes are enclosed c 
pletel; in a wooden casing ; the air is odmittod b; a 
oolee, mjr U inch diameter, whoae total area must be equal to 
the area of the two main nhftF'n'J^, ox 5 square feet, or 144 x 5 
: 720 square inches. With '8 for cooflicient of contraction 



•976, and v 



1 shall 



require 



g^), the area of 1^ iB 1 • 23 X ■ 6 

^gf§ m 7M holea» v^ich dirtrihi^ on a length of 214 feet: 

0» 2668 incbefl^ maek be wj^ =» 8J fachea, centre to centre. 

(860.) ' lit fizutg th« areft of Hm bTancb-chaunels, we may 
bUowtqq = 1-8, Bay 2 square inohee per head. Each pew fo» : 
iaat ftasoDB reqnixee 2x1*8 square inchos, and there wonld 
b« so loss of e^ot hwe if it were ntade much larger, ea; double. 
Loea of power arisee frun. loea of velocity only where that 
Tclocatf ou to be reflune^ iriiidi is not tbo case when the air 
lA fiwUf diaohargedriSl). The gaUviea niaj coutnin 90 people^ 
wd tite 8 chaaaftlg, P, B, and B, aapplyiug each 1 1 people, must 
have an area of 11 X 3 = 22 sqaare inchoe; the 7 channela, 
D D, have to supply 110 people, or 16 each, inolnding P, H, 
and 8, and nmst be 16 x 2 = 32 inches area ; the others, E, E, 
have only eight to supply, and must be 8 x 2 = 16 inches areau 

(351.) The eight exit openings Y and channel W should 
720 



f at least — q- = 90 square inches ; but here also 
o loss by using a larger area. Allowance shonld 



have an area o 

there will be n 

also be made for the obstructions of the grating, and the con- 

tradion (148) which a fluid experiences in passing by a tbin^ 

lipped orifice. With '65 for coefficient, each opening must 

a free area of 77. = 140 square inches; the bars of the 



have a 



s area of 7 
grating may probably occupy Jth of the total area, which should 

140 X 5 
therefore be — r — = 175 square inches, say 15 x 12 inches. 

(352.) " Hospitals." — The ventilation of a hospital must bo 
more perfect, powerful, and uniform than any other ; the state 
of health of the inmates necessitates a larger volnme of &esh 
air than is necessary for persons in good health, and the yenti— 
lation most be contanoous night and day without intermission. 
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For perfect comfort, tlie waUs should be at least as liot as the 
air in the room, which as we have seen (297) is impossible, 
where they have to be heated by the air in the room. Mecha- 
nical ventilation by a fiaii is not admissible, because in most cases 
hospitals are too large to be thus ventilated without an engine, 
to work which night and day is expensive ; besides, as the work 
to be done cannot be remitted even for an hour, we should 
require a duplicate set of apparatus in case of repairs. A 
chimney in which a draught is maintained by a fire is' the best 
plan, because the mass of brickwork in the chimney retains so 
much heat as to maintain a fair draught for hours after the fire 
has been suffered to die out : see (365). 

(363.) Figs. 109-112 represent a small hospital, or the wing 
of a large one, in which heated air is supplied in winter by a 
cockle or hot-air stove, and the ventilation is maintained at all 
seasons by a draught chimney. A is the hot-air apparatus, con- 
sisting of a collection of pipes, B, open at both ends and built 
into the side-walls, which are retained in position by clamp 
plates and bolts, the fire from the furnace at C circulates among 
the pipes in its passage to the chimney D, which serves for the 
escape of the smoke, &c., as well as the foul air from the rooms. 
The air to be heated enters the pipes at £, and passes through 
them into the chamber F, from which it proceeds by the 
channels G G, which rim longitudinally the whole length of the 
building. Other channels, H H, are made in the main walls by 
which the highly-heated aii passes to the top of the building, 
thence descending by the channels J J to the bottom again, 
imparting the requisite heat to the walls in its passage. From 
the channels J J, branch-pipes, N N, are laid, discharging the 
heated air (which by this time is cooled down to the proper 
temperature) into other long channels, O O, and thence into the 
room by openings imder each bed and at suitable places in the 
offices, &c., &c., in the ground floor. 

(354.) The air thus received into the rooms passes through 
and ventilates them, escaping by orifices, K K, &c., in the ceiling, 
into foul air channels, L L, which conduct it to the end of the 
building, where it enters the descending shafts, M M, which 
communicate with the chimney D, by which it is finsdly dis*- 
charged into the atmosphere. 

The heated air enters the walls at a much higher temperature 
than is desirable for the rooms, but the walls absorb its surplus 
heat, and become heated perfectly throughout their mass, Hhf^ 
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air bftTing fer ibe most part to trftvcrso the height of the build- 
ing twioe, befera it escapes into the rooma. The direction of 
thd oimentB u shown by arrows, ani it will he observed that 
the TitUted tax taoyea off directly into the atmosphere, without 
mixing with the rest of the air in the room. 

(866.) "Lou of Beat ly the Building, rfc."— Allowing 1000 
onmo feet of aix per head per hour, and that we have 50 x 3 = 
160 inmatu, we ehall require 150000 cubic feet of air at 60°, or 
■076 X 160000 = 11400 lbs. of air per hour. If we assume 
that tbe interior surface of the walls is at 60'^, with a thickneBB of 

2 ft. 8ik,w«8h»U have (288) by the formula U ^ - ^ ^ ~^ — 
4'63 units per square foot 



- ^1-134) X 



I) 



per hour, and as we have 11790 Rquaro feet of wall surface 
(winddwB exo^tod), the heat dissipated by thoni will be 11790 x 
4 "68 X 54667 tmits of heat per hour. This heat has to be 
anpplied hy the 11400 lbs. of air entering the bailding, and to 

do that, it must be cooled < 1 40Q - oqo = 20°, and as it loaves 
the walls to enter the rooms at 60°, it must ent«r them at 80'. 
The mean temperature of the air in the walls is thna — 5^ — 
= 70°, and the internal sorfiiee would he rather more than 60°, 
aa we assumed. The windows contain 1440 square feet of 
sur&ee, and wiU dissipate (293) 1440 x 53 x 30° = 22896 
units per hour, the greater part of which will have to be supplied 
by the air in the rooms. 

(356.) " Cockh, or AiT-stwe."— -It wiU be seen by (355) that 
we require 11400 lbs. of air per hour for ventilation, which air 
has to be heated from 30° to 80°, and wiU require therefore 
11400 X 50° X -238 = 136660 units of heat. With a cockle 
snch as A in Fig. 112, we should not expect perhaps more than 
6000 units usefully from a pound of coals, and in that case the 

oonaumption would be "gsgn" = 23 lbs. of coal per hour, 

23 

requiring 10 = 2 square feet of fire-grate. The air passing 

through the cockle, would be heated to 80°, and would become 
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/ r,,,, .^ 150000x1-102 ,^^^^^ ,. n X X. 

by Table 12, TTofiT ~ 166000 cubic feet per hour, or 

2600 per minute, and the velocity given by the chimney (357) 

being 5 feet per second, or 300 feet per minute, the combined 

area of the pipes in the cockle, through which the air has to be 

2600 
drawn, must not be less than 'oaTT = 8*7 square feet. 

A pipe heated externally as in our case gives out no radiant 
heat to the air within (268), but only by contact. For such a 
case it is advisable to use a larger volume of air than usual, in 
order to keep down its temperature as it leaves the furnace, &c., 
and there will be no loss of effect if we admit a double quantity, 
the case being quite different to a steam-boiler, &c., where we 
have shown (101) that a great loss would arise with an extra 
large volume of air. Then by Table 34, with a double quantity 
of air, the temperature as it leaves the fire would be 1157°, say 
1200° ; as it leaves the apparatus it would probably be reduced 
to 400°, the mean temperature is therefore about 800°, and 
allowing that the air passing through is heated to 80°, we have 
a difference of 800 - 80 = 720°, the ratio for which by Table 82 
is about 2 • 2, and taking the value of A from Table 76 at '5, 
we have • 5 x 2 • 2 x 720 = 792 units per square foot of surfece, 

and the internal area must be yoo " = 171 square feet ; but 

with pipes arranged on one another as in Fig. 112, the full 
external surface is not effectively exposed, probably not more 

than frds can be reckoned on, and hence we require ^ — 

= 256 square feet. The size of the pipes must therefore be 
such as to expose an area to the fire of 256 square feet, and a 
cross-sectional area of 8 • 7 square feet for the passage of the air 
to be heated. These conditions are nearly fulfilled by 8-inch 
pipes, the cross-sectional area of 8 inches is • 36 square foot, and 
with 25 pipes we should have • 36 x 25 = 9 square feet. With 
pipes 9 feet long, allowing that 18 inches is built into the side- 
walls, the effective length is reduced to 6 feet, and the circum- 
ference of 8 inches being about 2 feet, we have 6 x 2 x 25 = 
300 square feet, instead of 256 feet as required. 

(357.) " Ventilation" — The proportions of the ventilating 
apparatus must be fixed with reference to summer requirements, 
when a fire has to be maintained specially for that purpose, and 
when the air in the draught-chimney, not being so lughly heated 
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M in v&tw, wbaa H receivES the waeto heat from &i 
&« dnm^ is Bum Jboblo. For Buinmer ventilation the damper 
P u el oii B d, And ft flue is maintained night and day in the famaoe 
B at the biae td ths chimney ; this has a closed ash-pit, bo that 
the MX feeding the ixe in dmwn from the body of foul air enter- 
ing the baae <a the dhinmoy. The aii in the chimney becomea 
hsKted, Hj BO'* higher than the atmosphere, and the chimn^ 
banaW feet hif^ we have by Table 19 a column of hot air say 
at iv' and 60 feet high, which is coimterbulanced by n. colnmn 

__60 X 1-00 
at 62° ^7^0^ *.64-4 feet high, giving 60-54-i = 6-6 

feet to pFodnoe motum, and which by the rule for falling hodies 
V3x8 = V.iBinom-case^7F6 x 8 = 18-92fe6t persocon^L 
Thia is the theon&al velocity, which is greatly reduced by thft.i 
ftitdhm of dte air in long passages, and by changes of veloci^ 
which in practioe un unavoidable. Those losses, however, 
oamnot be oalcnlated but by many experiments on such chimneys. 
Fiolet finds that whae the circuit is long, the real velocity ia 
tmly ■ 25 or ■ 8 of the theoretical, and even where the circuit ifr 
Bhwt, not mora than -4 (302) (365). 

Taking the velodty at ■ 3 in our case we have 18 - 92 x -3=^ 
^ „ . , , , 150000 

B'6, Bay o feet per second, and as we have to pass .j^.^^. 

= 41 • 7 cnhic feet per second, the chimney and main air-pass^es 

41-7 
must have on area of -£— = 8-34 square feet, or 144 x 8 • 34 

c 1200 square inches, and the chimney may be. Bay S feet 
square. 

The area of the channels G will each be 600 square iuc^ies ; 
TT 1200 „ . V xr 1200 „„ ^ 1200 

H= .g- = 67 sqnare inches; N = foTT^ = 22; L = - - 

= 200 square inches, &c., &c. 

(358.) The cost of maintaining the ventilation in winter is 
nothing, the waste heat from the heating cockle being used ; in 
suumier, as we have seen, it is 23 lbs. of coal per hour, or 6 cwt. 
per day. The ventQation in summer can he adjusted by regn- 
lating the fire in R ; in winter it may be necessary to regulate 
the draught by dampers S 8, in the main channels G G. 
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CHAPTEE XVI, 

EXAMPLES OF BUILDINGS HEATED AND VENTILATED. 

As illustrations of the application of the rules given in Chap. XV. 
for calculating the loss of heat by buildings, and to show how 
far they agree with observed facts, we may take the following 
examples which are given by Peclet. 

(369.) ^^ Prison Mazas." — This great prison is situated in 
Paris, and contains cells for the solitary confinement of 1200 
prisoners. These cells are arranged in six long buildings, which 
radiate from a centre, and occupy nearly two-thirds of a circle. 
The walls are of stone, about 36 feet high, averaging 24 inches 
thick, and exposing an exterior area of 140000 square feet; 
the area of the windows is 23400 square feet. For the seven 
months of the year, during which the building was heated, the 
mean temperature of the exterior air was 44°, and the interior 
air 68°, being a difference of 14°, and from these particulars we 
can calculate the weight of coals required by the building, &c. 
The ventilation was maintained constantly by a chimney with 
a fire at its base, as in Fig. 112; this chimney was cylindrical, 
7 feet internal diameter and 95 feet high, the mean quantity of 
air passing through the building was 1069600 cubic feet per 
hour, and this air had to be heated 14°, from the external 
to the internal temperatures, and required a further quantity 
of fuel. 

(360.) The conditions of the building are similar to those in 
(290) and Fig. 84, with one face exposed, and by Table 79 we 
find that a wall of stone 24 inches thick loses * 284 unit per 
square foot for 1° difference of internal and external tempera- 
ture of the air. In our case, therefore, the walls will lose 
• 284 X 14 X 140000 = 556640 units per hour. The windows 
were for the most part only 2 feet high, and by the rule in 
(293) lose '56 unit per square foot for 1°. The loss in our 
case is • 56 X 14 X 23400 = 183466 units per hour. 

By Table 19 the weight of air at say 42° is '079 lb. per cubic 
foot; we have therefore 1059600 x '079 = 83708 lbs. of air to bo 
heated 14°, and the specific heat of air being * 238, this is equal 
to 83708 X • 238 X 14 = 278910 units per hour. Collecting these 
three results we have a total loss of 566640 -j- 183456 + 278910 
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= 1019006 nnitfi per hour. But pai-t of this teat will h 
plied by the imimal heat of the pnsonors, tie explained in (314),, I 
where we find that each mtm will yield 191 nnitB per hoiii', aiid,> f 
we liBTO 191 X 1200 = 229200 imita per hour from this soiiroe, 
leaving 101D006 - 229200 = 789806 units to bo BuppUed by 
the hcating-apparntne. Allowing for intermittent firing as in 
(41), wo may take the economic valuo of coals from Table 31 at 

789806 
6000 nnits per pound, and shall require -giwTQ-x24 = 31601bB. I 

of coal per day. The eiperimental quantity was found to b^| 
3564 : the difieronoe may oriee from loBsee in the vaults, &CL,^ 
not included in the calculation.* 

(361.) During the cold weather of wintor it was found that 
5280 lbs. of coal were conRumod por 24 hours, to maintain 
the internal air at 59°-3 while the extomal air was 39^, the 
diflerenee being 20°'3, We found that for 14° difference the 
loss was 1019006 units; the loss with 20 '3 will therefore bo 
1019006 X 20 '3 
,-f — = 14775G0, and deducting the heat emitted by 

the prisoners, we have 1477560 - 229200 = 124836 nnite to_ 

he supplied by the fuel, requiring - ^,,(\n X 24 = 4994 lbs. rf* 

coal, instead of 5280 as per experiment. 

(362.) "Ventilation." — For maintaining the ventilation it was 
found that the mean consumption of coals by the fire at the foot 
of the chimney waa 770 lbs. per day in winter, and 880 lbs. per 
day for the rest of the year ; but for the ventilation, equal to 
1059600 cubic feet per hour, the consomption was 441hB. per 
hour in winter, and 55 lbs. in summer. 

The temperature of the air la the chimney was not observed, 
hut we can calculate it &om the consumption of fuel. By (28) 
the total heat in a pound of coals is 13044 onits, nearly the 
whole of this will be given out to the air passing up the 
chimney ; allowing that 5 per cent, talla from the grate uncon- 
Bumed as in (90), and that 6 per cent, more is lost by radiation, 
&c., we have from 44 lbs. of coals 13044 x -9 X 44 = 516544 

• Pficletbrinea out the calcalated quantity much nearer the eiperimental 
quantity than in the above, bnt he aaaQmea tliat the temperehire of the in- 
ternal Barface of the walla ia tlie same aa that of tiie inMmB.1 air. This is 
not a fact, llie wall receiving heat from Hie air, moat of n€t«Bsity be mncU 
colder than Ihat air in order to do eo. We have ahowu by Fig. 81 that the 
wall is about 60 — Sl'36 = S^-6i colder than the internal aii. 
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units of heat per hour, and as this is carried off by 83708 lbs. 
of air, and the specific heat of air being '238, we have 

,noQ oQiTAo = 26° increase of temperature, and the air entering 

. at 58° (the temperature of the bmlding) becomes 58°+ 26° = 84° 
in the chimney, or 84 — 44 = 40° warmer than the exterior 
air. A 95-feet column of air at 44° is equal by (14) to 95 x 

458 '4-1-44 

Alio A I oA = 88-feet column of air at 84° and we have 95 — 
458 • 4 -f- o4 ' 

88 = 7-feet head to generate velocity, which will give Vt x 8 
= 21 • 1 feet per second. The chimney was 7 feet diameter, 
having an area of 38 • 5 square feet ; but the centre of it was 
occupied by the iron chimney from the steam-boilers, which 
was 2 feet 8 inches diameter, having an. area of 5* 5 square feet. 
The acting area of the air-shaft was thus reduced to 38 * 5 — 
5*5 = 33 square feet, and when discharging 1059600 cubic 
feet per hour, the velocity of the air entering the chimney must 

be qq or) Of) = 8*92 feet per second. The real velocity 

8 *92 
is therefore only oTTT = '^^3 of the theoretical velocity, this 

loss arising from friction, change of velocity by frequent con- 
tractions and enlargements in the air-channels, &c., &c., which 
are practically unavoidable in long circuits; see (161). The 
mechanical work done by the chimney being proportional to 
the square of the velocity, is thus reduced to '423* = '179. 

(363.) ** Mechanical and Chimney Ventilation compared'^ — We 
may compare mechanical ventilation with that produced by heat, 
and ascertain the relative economy of the two systems, by calcu- 
lating the power of an engine and fan capable of doing tibe same 
work and the consumption of fuel in the two cases. 

By (362) we have seen that with the standard quantity of air 
the consumption of coals was 44 lbs. per hour during the seven 
cold months of the year, and 55 lbs. per hour for five months. 
We have therefore (44 x 24 x 30 x 7) + (55 x 24 x 30 x 5) 
= 419760 lbs. of coals per year, with a heated chimney. 

By a high-pressure engine the work in winter costs nothing, 
because the steam after working the engine is used for heating 
the building. 

The mechanical work done is 83708 lbs. of air per hour, or 
1228 lbs. per minute, at a velocity of 8' 92 feet per second, the 
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■ad u ft low-p«mtn fta lad g Mring «iu jnlaiUy yidi 
tnJj aoe-thiid of tiie fisoe emenaed <n i^ m ihMdd. landit 
'0468 X 8 ' < 

— ^jm^ — ■■ -776 lunw-pdwar. Hire allow lOlbe. of coal po^. 

hone-poww, fids is eq^ul to 7'76 Ita. cC coal p«r honr iat 

■OTon monaB of Ae year aaij, aaA tiie yeaply coDsiunptia% 

would be 7*76 x M X SO x 7 « SflllO Ibc. of coal, iimtead ol 

4^9760 Um. M reqnind I7 ft dnng^d^hhimc; ; the ratio i$ 

lto»-8. 

. Tlu> ia ft fiiTonnUe «■« te meAatAati yentilatioii, being d 

rTsrj Iftige ODB^ Bj the oidiDuy ftUMranee of 350 cubic feel 

perbeftd, theutdfiftUwiOiwonld'n^lbr — 550— =3001^ 
penoni, uid eren im this Iftige nmnberwe require an ongiiLe dri 
ottlT diiw-foartlu of a hone-pomr, I'm; small, aud even fiff-J 
ordmary omm, tbe emgiiie woold be exoewivelj email, tho Mo- 
tion proportionally' much greater, and tbe relative economy at 
the Bjaisia lees. There ie also the practical objection th&t tlie 
engine mast work day and night, requiring ui extra man for the 
night-vork, &c., and a duplicate engine in case of repairs, &o. 

(364.) "Prigon ofPToeira" — This priBon waB axranged in the 
game manner as the prison Vazas, but was very mnch smaller, 
consisting of one range of buildings for 39 prisoners. The walls 
were of stone, 21 inches thick, and exposed 11340 square feet of 
surface. The windowB had an area of 1157 square feet, and the 
air used for yentilation was 120090 cubic feet per hour. 

Experiments were made on the consumption of fud &om the 
16th of Afarch to the 6th of April, the metm temperature of the 
day was 43° by observation, that t^ the night was not observed, 
but is reported to have been very cold, probably it was 8° colder 
than the day, or 35° ; the mean temperature of the exterior air 
would therefore be 39°, and the intenial air being maintained at 
59°, the difference would be 20°. The conaomption of fuel 
under these oircumstances was found to be 807 lbs. of peftt per 
day. 

The loss by the walls 24 inches thick will be ' 284 units for 
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1° by Table 79, and we have -284 x 20 x 11340 = 64411 nnits 
per hour lost by the walls. The windows by (360) will lose 

• 66 X 20 X 1157 = 12958 nnits, and the air 120090 x ' 079 x 

• 238 X 20 = 45348 nnits ; collecting these three losses, we have 
64411 + 12958 + 45348 = 122717 nnits per hour. The 
prisoners will yield 191 x 39 = 7449 units, leaving 115268 to 
be supplied by the fuel. 

By (28) and (30) we find the total heat in coals and peat to 

be 13044 and 7151 units respectively, and the economic value of 

coals being as we have assumed 6000 units, that of peat will be 

6000 X 7151 

— JqaTT — = 3290 units per lb., and thus we shall require 

115268 
QOQQ X 24 = 840 lbs. of peat per day, whereas experiment 

gave 807 lbs. 

(365.) " Ventilation,'* — The draught or air chimney was 59 

feet high, and 2 feet diameter at the top, its area being 3 * 14 

square feet. An experiment was made when all the fires had 

been extinguished six hours, the temperature of the air in the 

chimney Would be about the same as that in the building, which 

was 16° higher than the external air, which being taken at 39° 

that in the chimney would be 55°. The observed discharge of 

air under these circumstances was 40052 cubic feet per hour, 

40052 
and the velocity of discharge must therefore be o^f^ oTTZ ~ 

3 • 54 feet per second. For calculating the theoretical velocity 

we have a column of air 59 feet high at 39°, which is equal in 

458-4+39 
weight to a column 59 x 450 » 4 4, 55 ~ ^7*11 feet high at 56°, 

and we have 69 — 67*11 = 1*89 foot head to generate velocity, 

which will give a/1'89 x 8 = 11 feet per second, whereas the 

real velocity was only 3 • 64 feet per second. The ratio in this 

3*64 
case is -ry- = '322 to 1, and the mechanical work of the 

chimney, only • 322* = • 104 of its theoretical value : see (362). 
(366.) " Church of St. Eoc^."— This church was about 377 
feet long, 92 feet wide, and from 50 to 60 feet high. The walls 
were of stone, 20 inchies thick, exposing a surface of 37674 square 
feet ; the windows were about 13 feet high, and exposed an area 
of 9257 square feet. When the interior air was maintained at 
29° above the exterior air, the consumption of coals was 88 lbs. 
per hour. 
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' Tbe ttmU&OOk of tliie building are Bimilar to Fig. 80, tlia 
inUa brang a^pOBed on all eidcs to cooling inflaenceB. The 
loM of hMt for thJB case is given by Table 73, which fur stone 
wdla 80 butMa thick may be taken at ' 2 for 1° ; in our ca«e 
b» loM irin be -2 X 29 X 37674 = 218510 unite per Lour. . 
St (SU) the irindows lose -i unit for 1", ot in our cnso -i x ' 
39 X 9«T — 107385 unitB, and the loss from both boufcos is 
. 835895 imitB per hour. There will also be another loea of beat 
p but imkuown volume of air, which enters through the 
wntns by openings in the floor, and passeB out by 
) cnviccB in the leaden coBemcnts, the gloss being 
T«7 lobnlj fitted ; it will therefore escape at the temiieratiire 
of die flliM. and if we know that temperature we can calculate 
dMTOiniiie of kit which posseB through the building. 

■ (867.) "Tmftralure of the Walb and Glass in Window» "—To 

grre (UftinctoaH to the question, we will aeaume that the internal 

tisin at 59°, aad the external air at 30", or 29" difference. We 

oan BOW imlimlitp the temperatures of the two Eurfaces of the 

inlh hf the mks in (282) and (283). Taking the value of B 

fam Table 71 at -736, of A from Table 74 at -398, and of 

■ frcm Table 77 at 13-7, Q will be 1 134 and the rule 

Q(B AT4 - C T) + A C T 

C(2A-f B) + (EA"Q)' 

1-134 (20 X -398 X 69-1- 1 3 ■ 7 x 30) + -398 x 13-7 X 69 

13-7 X (2 X -398) + (-736)+ (20 X -398 x 1-134) 
= 44° which 18 the tranperaturo of lie interior eurlace of the 
wall. The temperature of the exterior snxface may now be 

fonnd by the rule — ft_i_ Q B ^ *"' ^^'^ ™ **"' •'"^ becomee 
(13 7 X 14) + (1 -13* X 20x80 ) 

13-7 + (l-134 x20) -"" "■ 

The temperature of the glass in the viudowa nill be giTen bT 

'■^^^^*' + ^ ' 
the rule in (294) (" = — - ^ which in oar case 

becomes — «« + ""^ g— ___ = 40''-16,andthi8i8ttlso 



: t becomes i. 



the temperature of the air at exit 

(368.) " Volume of Air."— 'Wo can now calculate the Tolome 
cf air passing through the building, for ae it departs at 40°- 15, 
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it must have been cooled by the walls from 59° to 40 • 16 = 
18° '85, and the weight of air which in doing that would yield 
to the walls and windows the required quantity of 325895 units, 

325895 rrr^^.c. ... 70342 „^^„^ ^. 

must be tq-qR ooo = 70342 lbs., or .-tv^ttt = 88930 cubic 

18*86 X '238 ' '0791 

feet at 42°. This air departing at 40° • 15, or 10° • 15 above the 

external air, will carry off 70342 x 10*15 x '238 = 170000 

units of heat, which added to the amount lost by the walls and 

windows gives a total of 325895 + 170000 = 495895 units per 

495895 
hour, requiring ^^^^ = 82 • 6 lbs. of coal, instead of 88 lbs. as 

per experiment. 

(369.) But we might have calculated approximately both the 
volume of air and its temperature at exit, and therefore of the 
glass in the windows from the known quantity of coals con- 
sumed. 88 lbs. of coals give 88 x 6000 = 52800 units of heat, 
and as the whole of this heat is given out to the air as it passes 
the hot-water pipes and enters the building, and that air being 

528000 
heated 29° its weight must be ^ :^^^ = 76500 lbs. This 

air has to yield 325895 units to the walls, &c., and to do that 

325895 
must be cooled down ycKno y .oqq = 17°* 9, it therefore departs 

from the building at 59° - 17°'9 = 41° -1, and this is also the 
temperature of the glass. 

The volume of air and temperature of the glass as thus calcu- 
lated, differs but little from those found by the former method, 
which no doubt is the more correct of the two. 

(370.) Taking the volume of air at 88930 cubic feet per hour, 

and allowing as in (312) 215 cubic feet per head, this would 

88930 
suffice for ^ig = 4100 people ; the ordiuary numbers present 

are 2000 to 4000 ; on fete-days, 4000 to 6000 ; and on grand occa- 
sions, 6000 to 8000. The capacity of the church is about 113000 
cubic feet of air ; it is therefore renewed about 8 times per hour. 

(371.) " Time required to heat the Building to the Standard 
Temperature," — It was fouind that to heat the building to the 
standard temperature of 29° above the external air, required 
eight days of continuous firing day and night, and it will be in- 
structive to see how far this agrees with calculation. 

The walls contain 63576 cubic feet of stone, weighing by 
Table 46 about 156 lbs. per foot, or 63576 x 156 = 9917856 lbs., 



1 
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and the Bpecifio teat by Table 1 being about ■ 21585, they will 
require 991785B x '21585 - 2140770 unJtfl of heat to raise 
thoir ternperaturo 1^. We found in (367) that when the 
standard temperature was attnined, the two Burfaces are ii° and 
35°-37 reapectiyely, the mean temperature of the wall ia there- 

fore —^2 = 39'=-625, or 9°-625 above the eitemal temr< J 

peratnre, and this is the amount of heat which the walls must 
receive before the standard temperature can be attained. We 
found that for 1" they required 2140770 nnits, they will there- 
fore require 2140770 x 9-625 = 20626320 units to bring them 
ap to the standard. 

(372). The time in which this quantity can be eapplied is in our 
case governed by the maximum power of the heaHng-apparatus. 
This was proved with an estemal temjreraturo of 21'', for in that 
case the internal temperature could not be maintained higher than 
GO''"', being a difference of 29°, or the same ae at the standard in- 
ternal temiMsroture of 59°, with estemal air at 30°. The appa- 
ratus could therefore yield only 218510 units per hour to the 
teaJls as in (366), and to do that, the temperature of the walla 
must be 15° colder than the air as we have eoen in (367), where 
the respective temperatures were 59° and 44°. This difference 
would be constant throughout, bo that the walls being 30^ at 
the commencemont, the internal air would be hcMited by tlie 
apparatus to 45°, when farther increase of temperature woold be 
arrested by the walla absorbing the heat, and as their tempe- 
rature increased, bo would that of the air be progressively and 
Bimnltaneoosly increased, and the difEerence of 15° would be 
maintained throughout. 

(S73.) But while heat was thus received by the internal 
Bumce, a cmsidcrable amount would be dissipated by the 
external snr&oe. At the conunencem^tt, when the walls had 
the same temperatnre aa the externa] air, the loss would be 0, 
progresBively increasing to 218510 units per hour when the 
walls were heated to the etandard temperature ; for when that 
ia attained, the external surface dissipates the same amotmt as 
the internal sorface receives, and the temperature remains sta- 
tionary. The mean loss ifl therefore „ ■ = 109255 

units per hour, so that while 218510 nnits were received by the 
interior sur&ce, 109255 unite would be dissipated by the external 
surface, and 109256 units would be stored up in the walls ; and 
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to obtain 20626320 units, the time required to bring thaoi to 

20626320 
the standard temperature would be i aqokk y 94 =7*87 dajs^ 

practically the same as by experiment, which, as we have stated, 
was eight days. 

(374.) With a powerful heating-apparatus this time might be 
shortened ; but if the maTimum temperature of the intermd air 
be limited to 59^ (the standard temperature), which is almost a 
practical necessity, as a higher temperature would be intoler- 
able, the time will be governed by the absorbing power of the 
walls, irrespective of the power of the apparatus beyond a cer- 
tain point. With the apparatus we have considered, the air 
could not be heated more than 15^ above the temperature of the 
walls ; but with one of greater power the difference might be 
29° or 69°— 30°, so that the air could be raised at once to the 
standard temperature of 59°, and the walls would then absorb 

218510 X 29 

yz = 422424 units ; but as the temperature of the 

walls increased, that of the air being fixed at 59°, the difference 

would become less and less, until when the standard temperature 

was attained, it would be reduced to 15°, and the amount of 

heat received to 218510 units per hour, the mean is therefore 

422424 + 218510 

s = 320467 units per hour. The outer surface 

would still lose at a mean rate of 109255 units, and the amount 
stored ia the waUs being thus 320467 - 109255 = 211212 

t. ,:. . 20626320 
units per hour, we should require oi loio y 24 " y* ^ 

attain the standard temperature. 

(375.) If the building is not to be occupied during the time 
its walls are being raised to the standard temperature, the maxi- 
mum temperature of the internal air need not be limited to 59°, 
and in that case the time might bo still further shortened. 
For instance, with air at 88°, the difference at the commence- 
ment would be 88 — 80 = 58°, or double that in the last case, 
which was 29°, and the walls would absorb at first 422424 x 2 
= 844848 units per hour ; the mean heat received would then 

, 844848 + 218510 ,,,,^^ ^ ,^ ,. . . 

be k = 531679, and the mean amount dissipated 

being as before 109255, the amount stored in the walls 
would be 531679 - 109255 = 422424 units, and the time re- 
quired to bring the building up to the standard temperature 
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jii.ii£>i ... — 2 '03 dajB. In tliia case the fire would hsTO to 
422424 X ^4 •" 

bo pot out MiiDC time before the how tif worship, to nllow the 
air to cool donu to £9°, and the time for tliia ma; be appton- 
iiuktely calcnlnled. 

(Slfi.) Tko cbiirch contained 113000 cubic feet of air, oi 
113000 X ■0733 = 82829 lbs. of air, which in cooling down 29' 
from 88° to 6iP, would yield 82829 x 29 x '238 = 57168 unite. 
The hot-wftler apjiaratiie containMl 15886 lbs. of water at 24*^, 
and in oooling that down 189^', or to 59°, we shall have 15886 
X 189 = 3002454 units ; bo that to cool down to the Btaniluil 
temperature we must absorb 57168 + 3002454 = 3674140 unite. 
During the oooliiig process the mean temperature of the intemsl 

air ia ^t'' ^ = 73°-5, being 73-5 - 30 = 43°-5 colder thai 
tho eitemal air. With 29'' differenoe, we found (366) the low 
hj tho windows to be 107385 unite, the temperature of the glan 
lieing 40°- 15, or lO^-lSoolder than the external air; but with 
43^-5 diflerenee, aa in onr ease, the temperatnre of the ghiss liy 
tie riilein(294j is 43°- 2, or 13°- 2 colder than the extenial ai^ 
and the loss by the windows and tho air in the two cases will 
be proportional to those differences. In the former case theas 
los§ea were 107385 -f 170000 = 277385 ; in our present case it ; 

277385 V 1^*2 
will therefore be .^ ,- — = 360730 unita per hour.. The 

walls at this time are absorbing their standard quantity of 
218510 unite ; so that altogether the cooling infla^ices are 
equal to 360730 + 218610 - 579240 units per hour, and the 
time in which the internal air, &c., will be cooled down is 

-Fyqolo ~ ^ ' ^7 hours. If the heating apparatus had consiBted 
of Afeam-pipee instead of hot-water pipes, we should not have 
had the body of water to cool down, and the air alone would 

have been cooled to the standard temperature in -^ ^nm n = 
1 hour nearly. ^^^^40 

(377.) It should be observed that the time required to brii^ 
the walls up to the standard temperature is simply proportional 
to the power of the heating-apparatus, but that the mean heat 
consumed, and consequently the consumption of fuel, follows a 
much lower ratio. The maximum power of the apparatus in 
the three cases we have considered was 218510, 422424, and 
844848 units per hour respectively, the ratio being 1.2.4 
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nearly, but the mean heat given out in the three cases was 
218510, 320467, and 531679, the ratio being 1, 1*4:6, and 2-43. 
(378.) We have assumed in the foregoing that the area of the 
internal surface absorbing heat was equal to that of the external 
surface dissipating it ; and this is nearly true in our case, the 
internal area being increased by massive stone pillars, buttresses, 
&c., supporting the roof. 

(379.) "Tme required to Cod the Building.^^ — When once 

heated, a considerable time would be required to cool the whole 

building down to the external temperature. If the air passing 

through it be stopped by closing the inlet-openings, heat would 

be dissipated only by the walls and windows, and we should lose 

325895 units at first, which would be progressively reduced to 

nothing at the end of the time. The mean loss would therefore 

325895 -4- 
be Q = 162947 units per hour, and the heat of the 

u nA' ij V J- • * ^ • 20626320 ^ ._ . 

building would be dissipated in -1^004.7 w 04 = 5 • 27 days. 

If the circulation of air be permitted as usual, the mean rate 
of loss would be ^ = 264000 units per hour, and the 

building would cool down to the external temperature in 
20626320 

264000 X 24 = ^'^^ ^y®' 

(380.) ^^ Heating-Apparatuay — The heating-apparatus con- 
sisted of a boiler about 12-horse power, with hot-water pipes 
5^ and 4| inches diameter. They were laid in channels with 
brick sides, under the floor of the church in the usual way. 
The total area of the hot-water pipes was 1774 square feet, they 

. 495875 ^„. w .. J* , / 

therefore gave out yjrjA = 279* 5 units per square foot : (see 

(368.) The temperature of the water as it left the boiler was 
248°, and as it returned 216% its mean temperature was therefore 
232°, or 232° - 29° = 203° above the external air. By Table 66, 
a 6-inch enclosed pipe yields 286 units per square footj for 
200° difference* The case of a pipe enclosed in a chauoel is 
quite different to that of a pipe freely exposed. 

(381.) When a pipe is enclosed^ the walls receive radiant 
heat from it, and their temperature is raised until they give out 
to the air in contact the same amount as they are receiving 
from the pipe, when further increase of temperature is arrested, 

V 2 
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and it remams atittionaty. With brick walls and a, steam-pipe 
at 232° the temperature of the walls would be 158^. At that 
tempei'ature, being 232 — 158 = 74° colder than the pipe, the 
ratio (299) of heat lost by radiation is, by Tablo 80, 1-9, and 
the value of R from Table 71 being for bricks '736, the walls 
will receive "736 x 74 x 1'9 = 103 unitH per square foot per 
^ hour. Then by (301) a wall, say 2 foet high, viil have -638 
for the value of A by Table 74, and the difibrence of tempei-atoiB 
of the air and of the wall being 158 - 30 = 128°, the ratio 1^ 
Table 81 is 1-486, and the loss by contact of air is -528 x 
128 X 1*480 = 100-3 unitB per hour, nearly the same arnonn* 
as was received by radiation, and showing that the temperatUTB 
of 158° is very nearly correct. 

(382.) A stcatti-pipe S inches diameter, heated to 232°,, 
eiposed to radiant walla at 158"^, and to air at 30° (see 302),. 

K. Dur. luiiD. A. ma. luiiu. 

wiU lose (■ 7 X 74° X 1 ■ 9) + _f ■ 544 X 202°x 1 - 65) = 279 ■ 7 unita 
per square foot per hour, which by an accidental coincidence ia 
almost exactly the amoiuit found by experience, which we have 
seen to be 279 - 5 units. 

If this same pipe had boon freely exposed to air and radiant 

objects both at 30°, the difference of temperature would havs 

B. Dur. 

been 232^ - 30° = 202= in both cases, and the loss (-7 x 202 



closed pipe therefore gives only ooa.q = '^08, or aay 70 p« 
cent, of tihe amoont lost by a pipe freely exposed (303), 



CHAPTER XVII. 



WIHS, rOBOI Off, AND BFFXOT ON VCHTILATIOir, BTO. 

(383.) " Infiuenee of the Wind in renlilatum, $c."— The efiect 
of the wind on the draught-power of chimneys to furnaces, &c, 
ifi well-known by experience. Let ABC, Fig. IS, be a tube 
&eely exposed to the addon of the wind, A B being vertical ; if 
now the wind moves in the direction G to B, it will outer at O 
and pasa out at A ; but if the wind moves trora B to 0, it will 
enter at A and pass ont at C. 
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It will be seen, that this is analogous to the case of a boiler- 
house on a plane, with a chimney at one end, as in Fig. 15, the 
whole being freely exposed to the wind on all sides, and air 
admitted by openings at the end C ; but here the air in the 
chimney is highly heated, and a powerful upward draught 
thereby created, still it will be retarded when the wind sets 
from B to C, and assisted and accelerated when in the contrary 
direction. Table 54 shows the draught-power of chimneys in 
calm air, in inches of water pressure, by which we can compare 
the power of the draught, with that of the wind. 

(384.) According to the experiments of Hutton, the force of 
wind at moderate velocities varies as the 2 • 04 power of the 
velocity : he also found that a plane 32 square inches in area, 
and moving at a velocity of 12 feet per second, experiences a 
resistance from the wind of • 841 ounce. From these data we 
obtain the formulsB. 

V««* X -001487 = P and tq^jq^ = V^ in which V 

= the velocity in feet per second, and P = the pressure in lbs. 
per square foot ; Table 89 has been calculated by these rules. 

(385.) Taking as an illustration a chimney 80 feet high, we 
find by Table 54 that the draught-power is equal to • 586 inch 
of water, and by Table 89 this is equal to a wind having a 
velocity of about 42 feet per second, which is a very brisk breeze, 
and if the boiler-house is freely exposed to its force, the draught 
of the chimney would be destroyed when the wind was blowing 
with that strength in the direction B C, and dovbled when in the 
direction C B. In such a case the doors or other openings at 
the end C should be closed, and others opened at the end B or 
or at the side D. 

(386.) To obviate the adverse action of the wind, and to 
utilize its power of increasing the draught, we may use a 
movable cowl, whose action and principle may be illustrated 
by Fig. 14, in which we have a tube like Fig. 13 surmounted 
by a cowl, movable round the centre of the tube A B by the 
action of iiie wind itself, which is assisted by the vane E. When 
the wind is in the adverse direction B C, the cowl A D opposes 
and balances the effect of the wind on the lower branch, and if 
both are equally exposed to its action, the one would simply 
neutralize tlie other, and there would be no internal current in 
either direction, but if, as is usually the case in practice, B C is 
sheltered by adjacent buildings, &c., and A D is fully exposed, 
the cowl ykll always be the controlling power, creating in all 
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cases an upward curront, irreBpective of tlie action of iie«3 o: 
the internal air, and the adverse action of the wind ie not only 
annulled, but revcTscd and made to augment the draught. 

Table 88.— Of the Fobce and Vklocitt of Wikb, according to 
Hultou'a Es[)er 





P^r. 


Vel«i(r. 








nlta-po. 


InlncbMrf 


InTMt 


In Mils 




- 




X7 


W.«r. 


porSwrad. 


rwHonr. 


sniiLliid. 


J 




■1 


■01926 


7-87 


5-37 


Gentlo Wind. 






■S5 


■«ai 


12-90 


8-79 


PleoMUil ditto. 






. -6 


-09G3 


16-18 


11-03 


Fresh Breeze. 






1 


■193 


24-33 


16-60 


Bribk Gale. 






a 


■385 


34-17 


23-30 


Very brisk ditto. 






3 


■578 


41-69 


27-77 








i 


■770 


4800 


32-73 








5 


■963 


63-55 


30-51 


High Wind. 






6 


1165 


58-55 


39-92 










1-343 


63-15 


43-00 








8 


1-541 


67-43 


45-97 










1-733 


71 -43 


iS-70 


Voir high ditto. 






10 


1-926 


75-22 


51-28 










2-118 


78-82 


53-74 








12 


2-311 


82-20 


56-07 








13 


2-504 


85^ 54 


68^32 








14 


2-696 




60-48 


Stana or Tempest. 






IG 




91-76 


62-56 








16 


3-081 


94-70 


64-57 








17 


3-274 


97-56 


66-52 








18 


3-467 


100-30 


68-41 








19 


3-6u9 


103-00 


70-25 








ao 


3^852 


105-70 


72-03 


Great Stono. 






25 


4'8I5 


117-80 


80-36 








80 


5-778 


128-9 


87-97 








33 


6-741 




94-77 








40 


7'704 


148-7 


101-4 


Very great ditto. 






4S 


8-667 


157-2 


107-2 








50 


9-630 


165-6 


112-9 


Moat violent ditto. 






55 


10-593 


177-5 


118-3 








60 


11-556 


181 


123-4 







(887.) The efi^ of the vane E may be greatly augmented 
by making it with double blades, as in Fig. 99 ; the expenments 
of Hutton ehow that the force of wind acting obliqnely on a 
plane, is given by the rule (Sine '■'"'^■^), and he gives a table 
ualoulated by that role, from which we obtain with a Bingle 
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blade, the forces • 003, 006, &c., &c., as per Table 90, the force 

at a right angle or 90° being 1 • 0. It has been found by the 

numbers in this Table, that the best angle for the blades is 38^ 

with the axis, or 76° with each other, as in Fig. 100. To show 

the superior efficacy of a double-bladed vane, say that the wind 

was at an angle of 1° with the axis, then with a vane having 

blades at the best angle instead of impinging on both blades at 

38°, we should evidently have it at 37° on one, and 39° on the 

other, and by Button's Table the forces with these angles would 

be * 507 and * 555, and the force tending to turn the vane * 555 

— '507 = '048 instead of '003, as wiii a single blade of the 

•048 
same area, or .-qqo = 16 times greater. 

Table 00. — Of the Relative Power of Wind-va^es, with Single 

and Double Blades. 





Angle of Wind with the Axis. 




1° 


2° 


3° 


4° 


5° 


10° 


20° 


30° 




Ratio of the Turning Force. 


Single Blade . . 

Double Blades,) 
angle 38° with} 
axis . . . . j 

Ratio of effect,! 
single blade be-> 
ingl .. ..) 


•003 
•048 

16 


•006 
•095 

15^8 


•010 
•141 

141 


•014 
•185 

13^2 


•018 

•228 

12^7 


•046 
•431 

9^4 


•156 
•739 

4-7 


•347 
•910 

2^6 



(388.) Table 90 shows that the superiority of the double 
blade over the single is greatest at small angles, where in fact 
it is most wanted. Such a vane would not only be more sensitive 
but also more steady, or less subject to oscillation. Angles 
greater or less than 88° are not so effective, the turning power 
at 15° would be about i, and at 5° about ^th of that at 38°, 

(389.) " Maximum Farce of the Wind" — In this country, the 
force of the wind seldom exceeds 50 lbs. per square foot even in 
our great storms ; it has been known, however, occasionally to 
exceed that amount. In the great hurricane of January, 1868, 
the anemometer at Birmingham, which was graduated up to 60 
lbs,, had its pencil driven far beyond that pressure, the maximum 
force was estimated at 70 or 80 lbs. per square foot. 
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(390.) We will Cttlcnlate the force of the ■wind capable of 
overtnrmng the diimney 80 feet high, shown by Fig. ii. There 
are two forces wliieh resist the wind, namely, the weight of the 
whole chimney and tho cohesioa of the mortar. The chimney 
contains 1747 cubic feet of brickwork, which weighs by Table 46 
115 lb9. per foot, giving a total weight of 200000 lbs. The 
cohesion of good old mortar (14 jfiaxR old) is 60 lbs. per Bqiiare 
inch, and the area of the section of base being 81' — 36' =5263, 
the resisteuice of the cohesion of the mortar will be 5266 x 60 
= 315900 lbs., which added to the weight of the chimney mRkes 
a total of 200000 + 315900 = 515900 Iba. If the materials 
were incapable of crushing, the chimney would turn on that 
edge of ite base remote from the wind, but in truth that point 
would be somewhere between the Rentre and the edge, and th« 
chimney would resist fracture, partly by the crushing strain 
and partly by the cohesion asaisted by the weight. By analogy 
with other materials broken transversely, we know that the 
result is very nearly tho same as if the neutral axis coincided 
with the edge, and the force of coheeion only came into piny. 
AdmittiDg this, the force of 515900 lbs. acta with a leven^ 
equal to half tJie diameter of the base, or 40 ' 5 iuches. The 
centre of effort of the wind is at the centre of gravity of the 
surface exposed to it ; tho easiest way of finding the centre of 
gravity in our case, is by cvtliiiy out an outline of the chimney 
in drawing paper, &c., of equable thickness, and btJancing it on 
the point of a needle. We thus find the centre of effort in our 
case to be 36 feet, or 432 inches above the base, and the snr&ce 
area of one side of the chinmey being 440 square feet, the {fxcod 

, „ , 515900 X 40-5 

of the wind that would overtom it would be — iao y 440 ~ ~ 

110 lbs. per square foot, which as we have seen is greater tiian 
any wind in this country. With very bad mortar, the force 
voald be much less, for iuatance, without mortar altogether, the 
* ^.1. ■ A ij T. 200000x40-5 .„ . ,, 
force of the wind would be —755 — JJfP = 43*6 lbs. pM 

square foot. 




S,.-i., 


!„.(... 


f- 


!,,».. ■!,>.>..3 


■ii,i 








FIJ.IO, 












^ ? 








Fie 11. 






!„»„■ 


,»■ 


!„i,.,-5„i.,E,..!. 


■»-■« 




, 



h 



' < 



'/I 



PLATE 4- 




£ k F N Spon, 48, Ctmrxnt, Cro««, London 



I ; 



I 



II '■; 




FiS.4-7. Fig. 48, 




J 



\' 



ll 



Fij. 53. Fig. 








J.:t 


. G4-, 


li, 


:; 






,^'rr]^^ 
' 






u^^T— 




< I 

III 



J 



1 

i 




Fife 74 Fi| 75 Fi| 7G Fij 77 

LoM fy /iaJiotfcn Laig b/ QfdJir Leu iy GmJiietwi Lett ifRAC 

^,«„«,.^,„.,^„. „^.,»„„^.,„. ,^.^....,^„. ~i^.^^jaa. I 






F.S 78 






ArSC 








Fi| 93 



Il^'-^t 




)l 



if 



I ■ 



gi 



;J 



ii. 



!! 






' 



ilAlt 




E &. 1 "N Gpon. 4-8, Channt (rott Lundon. 



1 



: ( 






t 




: | i a| i|i j| i l 4|f i fe; i | ii | B |iii i |i | ||ffl^ 




; M||X||; i| l[|jBl | i i| |i l |l l|l| L | J^ 

f UnA i, i |i ii , BP ^4AilT«A i iijii4ii i {A^ ^ ^^ ^ 



I;: 



I I 



it 
1 



I 



% 



:■♦' 



.» 



> 1 



" »■; 









;| 



■ ;: til 






■. 



I 



PL/OX U. 



iCCTlON. 



Fi g..llL 







LJ l«— ^ 



r-r 



T 



ra 



a 



LJHLljLi" — t 



7^^ 



i= 



T 



^1 



I III I 'i 1 1 ^ 1 1' f ^^ 

7v^ 



i= 



I 



I 
=1 



I 






i^_lK^Vs^<>^^'^'**\^^^ ' ^^^s^N^l' ^»»^^S^^^^^^ 





PL/OX 1A. 




If 



h 



> ■ J 



' ii 



! ill. 



4 f 

! I 



/ 



n 



